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FOREWORD 


А few years ago I had an occasion to go through the book Calculus by БУ Terasov. It unravels intricacies 
of the subject through a dialogue between Teacher and Student. I thoroughly enjoyed reading it. For me this 
seemed to be one of the few books which teach a difficult subject through inquisition, and using programmed 
concept for learning. After that book, Dr Harish Chandra Verma's book on physics, CONCEPTS OF PHYSICS is 
another such attempt, even though it is not directly in the dialogue form. I have thoroughly appreciated it. Tt 
is clear that Dr Verma has spent considerable time in formulating the structure of the book, besides its contents. 
I think he has been successful in this attempt. Dr Verma's book has been divided into two parts because of the 
size of the total manuscript. There have been several books on this subject, each one having its own flavour. 
However, the present book is a totally different attempt to teach physics, and I am sure it will be extremely 
useful to the undergraduate students. The exposition of each concept is extremely lucid. In carefully formatted 
chapters, besides problems and short questions, a number of objective questions have also been included. This 
book can certainly be extremely useful not only as a textbook, but also for preparation of various competitive 
examinations. 

Those who have followed Dr Verma's scientific work always enjoyed the outstanding contributions he has 
made in various research areas. He was an outstanding student of Physics Department of IIT Kanpur during 
his academic career. An extremely methodical, sincere person as a student, he has devoted himself to the task 
of educating young minds and inculcating scientific temper amongst them. The present venture in the form of 
these two volumes is another attempt in that direction. I am sure that young minds who would like to learn 
physics in an appropriate manner will find these volumes extremely useful. 

I must heartily congratulate Dr Harish Chandra Verma for the magnificent job he has done. 


Y R Waghmare 
Professor of Physics 
IIT Kanpur. 


PREFACE 


Why a new book ? 


Excellent books exist on physics at an introductory college level so why а new one ? Why so many books 
exist at the same level, in the first place, and why each of them is highly appreciated ? It is because each of 
these books has the privilege of having an author or authors who have experienced physics and have their own 
method of communicating with the students. During my years as a physics teacher, I have developed a somewhat 
different methodology of presenting physics to the students. Concepts of Physics is a translation of this 
methodology into a textbook. | 


Prerequisites 


The book. presents a calculus-based physics course which makes free use of algebra, trigonometry and 
co-ordinate geometry. The level of the latter three topics is quite simple and high school mathematics is sufficient. 
Calculus is generally done at the introductory college level and I have assumed that the student is enrolled in 
a concurrent first calculus course. The relevant portions of calculus have been discussed in Chapter 2 so that 
the student may start using it from the beginning. 

Almost no knowledge of physics is a prerequisite. I have attempted to start each topic from the zero level. 
A receptive mind is all that is needed to use this book. 


Basic philosophy of the book 


The motto underlying the book is physics is enjoyable. 

Being a description of the nature around us, physics is our best friend from the day of our existence. I have 
extensively used this aspect of physics to introduce the physical principles starting with common day occurrences 
and examples. The subject then appears to be friendly and enjoyable. I have taken care that numerical values 
of different quantities used in problems correspond to real situations to further strengthen this approach. 


Teaching and training 


The basic aim of physics teaching has been to let the student know and understand the principles and 
equations of physics and their applications in real life. 

However, to be able to use these principles and equations correctly in a given physical situation, one needs 
further training. À large number of questions and solved and unsolved problems are given for this purpose. Each 
question or problem has a specific purpose. It may be there to bring out a subtle point which might have passed 
unnoticed while doing the text portion. It may be a further elaboration of a concept developed in the text. It 
may be there to make the student react when several concepts introduced in different chapters combine and 
Show up as a physical situation and so on. Such tools have been used to develop a culture: analyse the situation, 
make а strategy to invoke correct principles and work it out. 


Conventions 


I have tried to use symbols, names, etc., which are popular nowadays. SI units have been consistently used : 
throughout the book. SI prefixes such as micro, milli, mega, etc., are used whenever they make the presentation 
more readable. Thus, 20 pF is preferred over 20 x 10 °F. Co-ordinate sign convention is used in geometrical 
optics. Special emphasis has been given to dimensions of physical quantities. Numerical values of physical 
quantities have been mentioned with the units even in equations to maintain dimensional consistency. 

I have tried my best to keep errors out of this book. I shall be grateful to the readers who point out any 
errors and/or make other constructive suggestions. 


H C Verma 
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TO THE STUDENTS 


Here is a brief discussion on the organisation of the book which will help you in using the book most 
effectively. The book contains 47 chapters divided in two volumes. Though I strongly believe in the underlying 
unity of physics, a broad division may be made in the book as follows: 

Chapters 1-14: Mechanics 

15-17: Waves including wave optics 
18-22: Optics 

23—28: Heat and thermodynamics 

29—40: Electric and magnetic phenomena 
41—47: Modern physics 

Each chapter contains a description of the physical principles related to that chapter. It is well supported 
by mathematical derivations of equations, descriptions of laboratory experiments, historical background, etc. 
There are "in-text" solved examples. These examples explain the equation just derived or the concept just 
discussed. These will help you in fixing the ideas firmly in your mind. Your teachers may use these in-text 
examples in the classroom to encourage students to participate in discussions. 

After the theory section, there is a section on Worked Out Examples. These numerical examples correspond 
to various thinking levels and often use several concepts introduced in that chapter or even in previous chapters. 
You should read the statement of a problem and try to solve it yourself. In case of difficulty, look at the solution 
given in the book. Even if you solve the problem successfully, you should look into the solution to compare it 
with your method of solution. You might have thought of a better method, but knowing more than one method 
is always beneficial. 

Then comes the part which tests your understanding as well as develops it further. Questions for Short 
Answer generally touch very minute points of your understanding. It is not necessary that you answer these 
questions in a single sitting. They have great potential to initiate very fruitful dicussions. So, freely discuss 
these questions with your friends and see if they agree with your answer. Answers to these questions are not 
given for the simple reason that the answers could have cut down the span of such discussions and that would 
have sharply reduced the utility of these questions. 


There are two sections on multiple-choice questions, namely OBJECTIVE I and OBJECTIVE II. There are 
four options following each of these questions. Only one option is correct for OBJECTIVE I questions. Апу number 
of options, zero to four, may be correct for OBJECTIVE II questions. Answers to all these questions are provided. 

Finally, a set of numerical problems are given for your practice. Answers to these problems are also provided. 
The problems are generally arranged according to the sequence of the concepts developed in the chapter but 
they are not grouped under section-headings. I don't want to bias your ideas beforehand by telling you that this 
problem belongs to that section and hence use that particular equation. You should yourself look into the problem 
and decide which equations or which methods should be used to solve it. Many of the problems use several 
concepts developed in different sections of the chapter. Many of them even use the concepts from the previous . 
chapters. Hence, you have to plan out the strategy after understanding the problem. 

Remember, no problem is difficult. Once you understand the theory, each problem will become easy. So, don't 
jump to exercise problems before you have gone through the theory, the worked-out problems and the objectives. 
Once you feel confident in theory, do the exercise problems. The exercise problems are so arranged that they 
gradually require more thinking. 

I hope you will enjoy Concepts of Physics. 

H C Verma 


SOLUTIONS TO CONCEPTS 








CHAPTER - 1 
a) Linear momentum {ту = [МЕТ] 
b) Frequency : ын [M L T] 
-2 
c) Pressure : Force - IET l- [MLT 
Area [L^] 
a) Angular speed о = ӨЛ = [MAL?T 1 
0) 07-2 
b) Angular acceleration a = 7 Mes [M?L?T7] 


= 
c) Torque т = F r = [MLT ^] [L] = [МЕТ | 
d) Moment of inertia = Mr? = [M] [L^] = [ML?T?] 





-2 
a) Electric field E = F/q = m = [MLT 2171] 
-2 
b) Magnetic field B = шэг MET. -|МТ 211 
qv ЕТ] 


Вх2ла МТ 211 [Ц] 
l [i 
a) Electric dipole moment P = ql = [IT] x [L] = [LTI] 
b) Magnetic dipole moment M = IA = [I] [L?] [121] 
E = hv where E = energy and v = frequency. 
h= Е МЕТ У 
vo m 


c) Magnetic permeability uo = = [MLTI?] 





[МЕТ] 


о МТТ? 
mAT [MI[K] 
b) Coefficient of linear expansion = a = шыл edil К 1] 

LoAT [ШІК] 

PV _ [МЕТ 213] 
nT [(mol)IK] 
Taking force, length and time as fundamental quantity 
m  (force/acceleration) _ [F/LT?] mE 
V Volume [12] алан 
b) Pressure = F/A = F/L? = [FL] 
c) Momentum = mv (Force / acceleration) x Velocity = [Е / LT ?] x [LT ^] = [FT] 
2_ Force 

acceleration 


= | -112 | 2T-2 
= х LT = —— |x L Ї = | L 


metre 





a) Specific heat capacity = C = = [LTK] 








c) Gas constant = R = = [ML?T K (то!) 


a) Density = =[FL4T?] 





x (velocity )? 





d) Energy = 5 mv 








g= 10 = 36 x 10? cm/min? 


sec 
The average speed of a snail is 0.02 mile/hr 


Converting to S.I. units, M m/sec [1 mile = 1.6 km = 1600 m] = 0.0089 ms 


The average speed of leopard - 70 miles/hr 
70x1.6x1000 


In SI units = 70 miles/hour = ——— —— ——— = 31 m/s 
3600 
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Chapter-I 





10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Height h = 75 cm, Density of mercury = 13600 kg/m?, g = 9.8 ms? then 
Pressure = hfg = 10 x 10^ N/m? (approximately) 

In C.G.S. Units, Р = 10 x 10? dyne/cm? 

In 5.1. unit 100 watt = 100 Joule/sec 

In C.G.S. Unit = 10? erg/sec 

1 micro century = 10* х 100 years = 10~* x 365 x 24 х 60 min 
So, 100 min = 10° / 52560 = 1.9 microcentury 

Surface tension of water - 72 dyne/cm 

In S.I. Unit, 72 dyne/cm = 0.072 N/m 

К = Кі? o? where К = Kinetic energy of rotating body and К = dimensionless constant 
Dimensions of left side are, 

К = [МЕТ 7] 

Dimensions of right side are, 

Е 2 [мі 2]°, o” = mP 

According to principle of homogeneity of dimension, 

[МЕТ =] = [MLT 2] T 

Equating the dimension of both sides, 

2 = 2a and -2 = -b > а= 1andb=2 

Let energy E = M*C? where М = Mass, C = speed of light 

= Е = КМС? (К 7 proportionality constant) 

Dimension of left side 

Е = [ML?T 7] 

Dimension of right side 

М = [М], [CI = [LT T 

МЕТ] = [МРТ "р 

ља= 1; р = 2 

So, the relation is Е = КМС? 

Dimensional formulae of В = [ML^T I ?] 

Dimensional formulae of V = [ML^T?I*] 

Dimensional formulae of | = [1] 

-.[ML?Pr] = [ML?T?TE?] [I] 

—VzIR 

Frequency f = KL^F^M* M = Mass/unit length, L = length, Е = tension (force) 
Dimension of f = [Т] 

Dimension of right side, 

L° = [L], F^ = [МЕТ 7], M" = [ML * 

- [T] = KL? [МЕТР [ML] 

МОЕТ = KMP'* pate T? 

Equating the dimensions of both sides, 


7 р+с= 0 ...(1) 
—ct+a+b=0 ...(2) 
-2b = —1 ...(3) 


Solving the equations we get, 
a--1,b-1/2andc--1/2 


12-12 = K Е!2м-12- K - 


-. So, frequency f = KL”F — bd 
L L M 





1.2 


Chapter-I 





18. a) h= 25Со50 
prg 
LHS = [L] 


Surface tension = S = F/I = мт [МТ 2] 


Density = р = ММ = [М °Т°] 
Radius = г = [L], g = [LT ?] 





-2 
RHS = 25со50 Ш INT ] ; E [мот] E IL] 
prg [ML "T J[L][LT *] 
LHS - RHS 


So, the relation is correct 


b) v= E where v = velocity 
p 


LHS = Dimension of v = [ЕТ] 
Dimension of p = F/A = [ML 'T ?] 
Dimension of p = m/V = [ML 7] 
IMLT?] 


ВН$ = 
[ME] 


-[?r?] = LT] 


So, the relation is correct. 
с) V = (npr^t) / (811) 
LHS = Dimension of V = [L?] 
Dimension of p = [ML "T 7|, r^ = [L^], t = [T] 
Coefficient of viscosity = [ML T 1 
npr*t | [ML ^T ?][L^[T] 
8l МЕТ 


So, the relation is correct. 


RHS = 





1 
d) v= — J(mal/l 
) 2, VMI) 
LHS = dimension of v = [Т] 


м Т? _ 


RHS = 1/1) = 
(mgl/1) TH 


[T] 


LHS - RHS 
So, the relation is correct. 





19. Dimension of the left side 5 





dx L 0 
= = [L 
е5 eas S 


Dimension of the right side = 1 gin (2 E [L~] 
a х 





So, the dimension of | dx ; # sa) 
) a х 


So, the equation is dimensionally incorrect. 
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Chapter-I 





20. Important Dimensions and Units : 














Physical quantity Dimension SI unit 
Force (F) MET? newton 
Work (W) [MLT] joule 
Power (P) [МЕТ] watt 
Gravitational constant (G) IM DT] N-m?Kg? 
Angular velocity (0) mr radian/s 
Angular momentum (L) [MLT] kg-m?/s 
Moment of inertia (1) Ме] kg-m? 
Torque (т) [МЕТ *] N-m 
Young's modulus (Y) МЕТ N/m? 
Surface Tension (S) ІМТ] N/m 
Coefficient of viscosity (n) мт N-s/m? 
Pressure (p) MUT N/m? (Pascal) 
Intensity of wave (1) Шина watt/m? 
Specific heat capacity (c) [^T ^K 7] J/kg-K 
Stefan's constant (c) [MT К^] watt/m?-k* 
Thermal conductivity (k) МТК] watt/m-K 
Current density (j) Цин ampere/m? 
Electrical conductivity (c) [FM ET] Q” m” 
Electric dipole moment (p) [UT] C-m 
Electric field (E) мот] vim 
Electrical potential (V) Шашин volt 
Electric flux (+) MTL] volt/m 
Capacitance (C) [TM L7] farad (F) 
Permittivity (c) РТМ] C?/N-m? 
Permeability (и) Шалан Newton/A? 
Magnetic dipole moment (M) UM N-m/T 
Magnetic flux (0) шини Weber (Wb) 
Magnetic field (B) МТ] tesla 
Inductance (L) МЕТ] henry 
Resistance (R) МТ] ohm (О) 





* 


ххх 





1.4 


SOLUTIONS TO CONCEPTS 
CHAPTER - 2 


As shown in the figure, 
The angle between A and B = 110° — 20? = 90° 
[А | = Запа |В |= 4m 





Resultant R = VA? +B? + 2ABcos0 =5 т 
Let В be the angle between R and А 


В = tan" 4sin 90? 
3 + 4cos 90° 


-. Resultant vector makes angle (53° + 20°) = 73? with x-axis. 


| = tan ! (4/3) = 53° 


Angle between A and B is 0 = 60°— 30° =30° 
| А | and |В | = 10 unit 
R= 440? +102 +2.10.10.cos30° = 19.3 


p be the angle between В and А 
2 10 іп 30° 1 Р 
- tan! ( Е | = tan” (0.26795) = 15° 
p 10 + 10cos 30? 2443 l 


-. Resultant makes 15° + 30° = 45? angle with x-axis. 








x component of A =100 cos 45° = 100/4/2 unit 

x component of В = 100 cos 135? = 100/42 

x component of С = 100 cos 315° = 100/42 
Resultant x component = 100/42 — 100/42 + 100/42 = 100/42 
y component of А = 100 sin 45° = 100/42 unit 

y component of В = 100 sin 135° = 100/42 

y component of С = 100 sin 315° = —100/4/2 


Resultant y component = 100/42 + 100/42 – 100/42 = 100/42 
Resultant - 100 

y component 52 

x component 

= a = tan” (1) = 45° 

The resultant is 100 unit at 45? with x-axis. 


Тап о = 


8-4i«3j, b-3i «4j 

a) |а|-ү42 +32 =5 

b) 16 |= 9 +16 =5 

c) а+6Н 7i +7 Е 7/2 

d) 4-5-1-3-4)1-1-4-3)-1-1 


|à-b|- 4/12 +(-1% = 42. 











2.1 


Chapter-2 





x component of ОА = 2cos30° = J3 


У, 
x component of BC = 1.5 cos 120° = -0.75 po. NA 
M bL 9.4 АРА. ЧЕЛИНЕ, x 
— ! o B 
x component of DE = 1 cos 270° = 0 о 90 |" 
y component of OA = 2 sin 30° = 1 | E 


y component of BC - 1.5 sin 120? = 1.3 

y component of DE = 1 sin 270° = -1 

R, = x component of resultant = J3 -0.75 +0 = 0.98 m 

В, = resultant у component = 1 + 1.3— 1 = 1.3 т 

Зо, К = Resultant = 1.6 т 

If it makes and angle a with positive x-axis 

ага y component 
x component 


Tan = 1.32 


= о = tan! 1.32 


[а | = Зт |b| =4 





a) IF R = 1 unit 43? +42 +2.3.4.с080 = 1 




















0 = 180° 
b) 432.42 +2.3.4.с080=5 
0 = 90° 
c) 432.142 +2.3.4.с080 =7 
0-20 


Angle between them is 07. 


AD - 2i 0.5)  4K = 6i +0.5] 
AD = NAE? - DE? = 6.02 KM 
Tan 0 = DE / AE = 1/12 

Ө = tan! (1/12) 

The displacement of the car is 6.02 km along the distance tan (1/12) with positive x-axis. 








In ДАВС, tan0 = x/2 and in ADCE, tan = (2 — x)/4 tan Ө = (x/2) = (2 — x)/4 = 4x 
=>4-2x = 4х 
>6x=4>x=2/3 ft 


a) In AABC, АС = VAB? +ВС? = 2.10 ft | 
b) In ACDE, DE = 1- (2/3) = 4/3 ft ЇЇ! FBC-2ft 


CD = 4 ft. So, CE = yCD? «DE? = 210 ft 
c) In AAGE, АЕ = VAG? + GE? = 24/2 ft. 


Here the displacement vector r = rif 4j +3k 


a) magnitude of displacement = 474 ft 
b) the components of the displacement vector are 7 ft, 4 ft and 3 ft. 
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Chapter-2 





10. 


11. 


12. 


13. 


14. 


15. 


16. 


а is a vector of magnitude 4.5 unit due north. 
а) З|а|=Зх 4.5 = 13.5 
За is along north having magnitude 13.5 units. 
b) —4|а| = -4 x 1.5 = —6 unit 
—4 а is a vector of magnitude 6 unit due south. 
1а|=2м, |6|= 3 т 
angle between them 0 = 60° 
a) à-b4a|.|b|cos60? 22x3x 1/2 = 3 т? 
b) |axb|4a]-|b]sin60° = 2х3 х 43/2 = 34/3 m°. 
We know that according to polygon law of vector addition, the resultant 
of these six vectors is zero. 
HereA-B-C-D-E-F (magnitude) 


So, Rx = Acos0 + A cos 7/3 + A cos 27/3 + A cos 37/3 + А cos 47/4 + А, 


A cos 51/5 = 0 
[As resultant is zero. X component of resultant К, = 0] 
= cos Ө + cos 2/3 + cos 27/3 + cos Зл/З + cos 41/3 + cos 57/3 = 0 
Note : Similarly it can be proved that, 

sin Ө + sin x/3 + sin 21/3 + sin 31/3 + sin 47/3 + sin 51/3 = 0 
а=21+3] +4К; b = 3i c 4j +5К 











à-b - abcos0 Age Бор 
ар 
— cog 1 2х3+3х4+4х5 =cos"| 38 | 
422 +32 + 42 \/32 + 42 +5? 41450 


А. (A xB) = 0 (claim) 
As, AxB = ABsin On 





AB sin 0 п is a vector which is perpendicular to the plane containing A and B, this implies that it is 


also perpendicular to А. As dot product of two perpendicular vector is zero. 


Thus А.(АхВ)=0. 
А = 2i « 3j AK, B 2 4i - 3j +2 


К 
4| = (6-12)-14-16)-К(6-12)--61-12|1-6К. 
2 


о ee» 


i 
АхВ = 2 
4 3 





Given that A, B and С are mutually perpendicular 


А x B is a vector which direction is perpendicular to the plane containing А 


and B. 

Also C is perpendicular to A and B 

-. Angle between С and А x B is 0° or 180° (fig.1) 

So, C x(A x B)=0 

The converse is not true. 

For example, if two of the vector are parallel, (fig.2), then also 
C x(A x B)=0 

So, they need not be mutually perpendicular. 








2.3 


Chapter-2 





17. 


18. 


19. 


20. 


21. 


22. 


The particle moves on the straight line PP' at speed v. 
From the figure, 
OP xv = (ОР)уѕіпӨй = (OP) sin Ө й = v(OQ) Â 
It can be seen from the figure, OQ = OP sin Ө = OP’ sin Ө’ 
So, whatever may be the position of the particle, the magnitude and 


V , 
EUM СЭН 





direction of OP x V remain constant. 
.. OP xv is independent of the position P. 
Give F - qE« (ў xB) =0 
= E--(VxB) 
So, the direction of v xB should be opposite to the direction of E. Hence, 
v should be in the positive yz-plane. 
E 
Bsin Ө 
For v to be minimum, Ө = 90° and so Vmin = F/B 


So, the particle must be projected at a minimum speed of E/B along +ve z-axis (0 = 90°) as shown in the 
figure, so that the force is zero. 


Again, E = vB sin 0 > у = 








For example, as shown in the figure, 
ALB B along west 


BLG А along south = 
C along north Е 8 
А.В =0 . A-B=B-C 


В.С =0 ButBzC 
The graph у = 2х? should be drawn by the student on a graph paper for exact 
results. 


O 


To find slope at any point, draw a tangent at the point and extend the line to meet 
x-axis. Then find tan 0 as shown in the figure. 
It can be checked that, 


Slope = tan 0 = Чу 
dx 





d 2 
= —(2x*) = 4х 
dy! ) 


Where x 7 the x-coordinate of the point where the slope is to be measured. 





y 7 sinx y 
So, y * Ay = sin (x + Ax) 
Ay = sin (x * Ax) — sin x y = sinx 
в (542) атл = 0.0157. 
3 100 3 
Given that, i = ке "PC 
-. Rate of change of current = ea e fO = ig d gure = 0, gti 
dt dt dt RC 
When ape di ec 
dt RC 
di -i 
b) when t = RC, — = — 
dt RCe 
di 4 
c) when t = 10 RC, — = 10 
dt ВСе 





24 


Chapter-2 





23. 


24. 


25. 


26. 


2T. 


28. 


Equation i = ige t/®° 


ip = 2А, R = 6 x 10° Q, С = 0.0500 x 10° F 25x 107 Е 


| - | (55) 

Е 3 -7 

a) j= 2хе 6x0" x5x10 =2хе 0.3 = атр. 
е 


b) di ho 6090 when t 0.3 sec > So - Le Le 03/03) _ :20 дтр/зес 
dt RC dt 0.30 3e 
C) Att = 0.31 sec, i= 2e 93/03) = 5:8 Amp. 
3e 
у= 3х? + 6х+7 


у = 3х2 + 6х+7 


г. Area bounded by the curve, x axis with coordinates with x = 5 and x = 10 is 
given by, 





y 10 xê 10 x2 10 
Area = [чу f (3х? +6x +7)dx = za s5% +7x]£ = 1135 sq.units. 
0 5 1 


5 


y л 

Агеа = [ду = [sinxdx = -[cos x]j =2 
0 0 

у 





The given function is y = е“ y 
When x=0,y=e?=1 

x increases, y value deceases and only at x = o, y = 0. 

So, the required area can be found out by integrating the function from 0 to со. 


So, Area = [e "dx =-[e“]p «1. 
0 
mass 





= =a+bx 
А length y 
a) S.l. unit of ‘a’ = kg/m and SI unit of 'b' = kg/m? (from principle of 
homogeneity of dimensions) о | | | х 


b) Let us consider a small element of length ‘dx’ at a distance x from the 
origin as shown in the figure. 


-. dm = mass of the element = р dx = (a + bx) dx 





L 2 
So, mass of the rod = m = [dm = f (a + хах = С > | зарж 
0 


zx - (10 N) * (2 N/S)t 


momentum is zero at t = 0 
-. momentum at t = 10 sec will be 
dp 7 [(10 N) ж 2Ns t]dt 


p 10 10 т e 10 
[dp - | 1041--| (24) = 101% .25| - 200 kg m/s. 
0 0 0 2 jo 
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29. 


30. 


31. 


32. 


33. 


34. 


35. 


The change in a function of y and the independent variable x are related as M =х?. 
x 


> ау = x? dx 
Taking integration of both sides, 


[ау = [xax = у= х +6 


3 
-. y as a function of x is represented by y = = +C. 


The number significant digits 


a) 1001 No.of significant digits = 4 
b) 100.1 No.of significant digits = 4 
c) 100.10 No.of significant digits = 5 
d) 0.001001 No.of significant digits = 4 


The metre scale is graduated at every millimeter. 
1 т = 100 mm 


The minimum no.of significant digit may be 1 (e.g. for measurements like 5 mm, 7 mm ес) and the 
maximum no.of significant digits may be 4 (e.g. 1000 mm) 
So, the no.of significant digits may be 1, 2, 3 or 4. 
a) In the value 3472, after the digit 4, 7 is present. Its value is greater than 5. 
So, the next two digits are neglected and the value of 4 is increased by 1. 
-. value becomes 3500 
b) value = 84 
c) 2.6 
d) value is 28. 
Given that, for the cylinder 
Length = | = 4.54 cm, radius = г = 1.75 cm 
Volume = лг = л х (4.54) х (1.75)? = 
Since, the minimum no.of significant digits on a particular term is 3, the result should have 
3 significant digits and others rounded off. 
So, volume V = лг^1 = (3.14) х (1.75) x (1.75) x (4.54) = 43.6577 cm? 
Since, it is to be rounded off to 3 significant digits, V = 43.7 ст. 
We know that, 
Average thickness 5 27 UT ure 2.1733 mm 
Rounding off to 3 significant digits, average thickness = 2.17 mm. 
As shown in the figure, 
Actual effective length = (90.0 + 2.13) cm 
But, in the measurement 90.0 cm, the no. of significant digits is only 2. 


So, the addition must be done by considering only 2 significant digits of each 
measurement. 


So, effective length = 90.0 + 2.1 = 92.1 cm. 








xK kK k k 
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SOLUTIONS TO CONCEPTS 
CHAPTER - 3 


1. a) Distance travelled = 50 + 40 + 20 = 110m 
b) AF = AB — BF = AB- DC = 50 – 20 = 30M N 
His displacement is AD W Eom 
АР = VAF? - DF? = 1302 +402 = 50m 
In AAED tan 0 = DE/AE = 30/40 = 3/4 








A Initial point 


Ө = tan! (3/4) (starting point) 


His displacement from his house to the field is 50 m, 
tan * (3/4) north to east. 
2. O > Starting point origin. 


i) Distance travelled = 20 + 20 + 20 = 60m c X 
(-20 m, 0) О (20 m, 0) 






ii) Displacement is only OB = 20 m in the negative direction. 
Displacement — Distance between final and initial position. 
3. a) Vave of plane (Distance/Time) = 260/0.5 = 520 km/hr. 
b) Vave of bus = 320/8 = 40 km/hr. 
с) plane goes in straight path 
velocity = Vave = 260/0.5 = 520 km/hr. 
d) Straight path distance between plane to Ranchi is equal to the displacement of bus. 
г. Velocity = Vae = 260/8 = 32.5 km/hr. 
4. а) Total distance covered 12416 — 12352 = 64 km in 2 hours. 
Speed = 64/2 = 32 km/h 
b) As hereturns to his house, the displacement is zero. 
Velocity = (displacement/time) = 0 (zero). 
5. Initial velocity и = 0 (.. starts from rest) 
Final velocity v = 18 km/hr = 5 sec 
(i.e. max velocity) 
Time interval t = 2 sec. 



















г. Acceleration = aaye = ~—— -5 = 2.5 m/s. 

6. Inthe interval 8 sec the velocity changes from 0 to 20 m/s. РОИА 
Average acceleration = 20/8 = 2.5 m/s? zem muse 10 | иргэн 
Distance travelled $ = ut + 1/2 at? Time in sec" 


=> 0 + 1/2(2.5)8? = 80 m. 
7. In 1* 10 sec S, = ut + 1/2 at^ > 0 + (1/2 x 5 x 10?) = 250 ft. 
At 10 ѕесу= и+аї = 0 + 5 х 10 = 50 ft/sec. 
-. From 10 to 20 sec (At = 20 - 10 = 10 sec) it moves with uniform 
. 750|------- 
velocity 50 ft/sec, S (in ft) 
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10. 


11. 


12. 


Distance S; = 50 x 10 = 500 ft 


Between 20 sec to 30 sec acceleration is constant i.e. —5 ft/s?. At 20 sec velocity is 50 ft/sec. 


t=30-20=10s 
55 = ut + 1/2 at? 
= 50 x 10 + (1/2)(-5)(10)? = 250 m 


Total distance travelled is 30 sec = S; + S; + 5; = 250 + 500 + 250 = 1000 ft. 


a) Initial velocity и = 2 m/s. 
final velocity v 2 8 m/s 
time - 10 sec, 


acceleration - — ----50.6(0/6 
а 





b) уУ2-12-2а8 

2 y2 82-22 
2a 
c) Displacement is same as distance travelled. 


— Distance S - Ы 





Displacement = 50 т. 
a) Displacement іп O to 10 sec is 1000 m. 
time - 10 sec. 
Vave = S/t = 100/10 = 10 m/s. 
b) At 2 sec it is moving with uniform velocity 50/2.5 = 20 m/s. 
at 2 sec. Vinst = 20 m/s. 
At 5 sec itis at rest. 
Vinst = Zero. 
At 8 sec it is moving with uniform velocity 20 m/s 
Vinst 20 m/s 


100 


50 


мю >с со c 


25 5 75 10 15 


(slope of the graph at t = 2 sec) 


At 12 sec velocity is negative as it move towards initial position. Vinst = — 20 m/s. 


Distance in first 40 sec is, A OAB + ABCD 
= 1х5х204 1x5x20- 100m. 
2 2 


Average velocity is O as the displacement is zero. 


Consider the point B, at t 12 sec 
Att=0;s=20m 

апа t = 12 sec $ = 20 т 

So for time interval O to 12 sec 

Change in displacement is zero. 

So, average velocity = displacement/ time = 0 
-. The time is 12 sec. 


At position B instantaneous velocity has direction along BC. For 
average velocity between A and B. 


Vave = displacement / time = (AB/t) t- time 


5 m/s 
A 





20 


10 








» 
10 12 20 
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13. 


14. 


We can see that AB is along BC i.e. they are in same direction. 


The point is B (bm, 3m). 
и=4т/5, а = 1.2 т/52, t = 5 sec 


Distance =s = utat 


= A(5) + 1/2 (1.2)5? = 35 m. 
Initial velocity u = 43.2 km/hr = 12 m/s 
u=12 m/s, v=0 


a - —6 m/s? (deceleration) 





2 2 
Distance S= Y - 12m 
2(-6) 
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15. 


16. 


17. 


18. 


19. 


Initial velocity и =0 

Acceleration a = 2 m/s’. Let final velocity be v (before applying breaks) 
t = 30sec 

v=utat>0+2x30=60 m/s 


a) S4 = ut+ Fat? = 900 m 


when breaks are applied u’ = 60 m/s 
v'=0, t = 60sec (1 тт) 
Declaration a’ = (v — u)/t = = (0 – 60)/60 = —1 m/s’. 


12 Ж 12 
$5,= У -" =1800 т 
2a 





, 


Тоїа|5-5,-5,-1800-900-2700т-2.7Кт. 
b) The maximum speed attained by train v = 60 m/s 
c) Half the maximum speed = 60/2= 30 m/s 
у? и? | 302—0? 
2a 2x2 
When it accelerates the distance travelled is 900 m. Then again declarates and attain 30 
m/s. 
г. и = 60 m/s, v = 30 m/s, a  -1 m/s? 
-u° _ 307-607 
2a 2(-1) 
Position is 900 + 1350 = 2250 = 2.25 km from starting point. 
и = 16 m/s (initial), v = 0, s = 0.4 m. 


Distance 5 - = 225 m from starting point 





v? 
Distance - =1350m 











1 v? -u? 2 
Deceleration а = =-320 m/s’. 
2$ 
Time =т= УЧ 2218: 0.05 sec. 
а -320 


и = 350 m/s,s=5 ст = 0.05 т, v=0 
Deceleration = а = ve =u? 5 0-(350У 2-12 x 10° m/s’. 
2s 2x0.05 
Deceleration is 12.2 x 10° m/s”. 
u=0,v=18 km/hr = 5 m/s, t = 5 sec 
v-u 5-0 


=? -:1m/s. 
t 5 / 








s= ut zat? -125m 


a) Average velocity Vave = (12.5)/5 = 2.5 m/s. 
b) Distance travelled is 12.5 m. 
In reaction time the body moves with the speed 54 km/hr - 15 m/sec (constant speed) 
Distance travelled in this time is S4 = 15 х 0.2 = 3m. 
When brakes are applied, 
и = 15 m/s, v = 0, а= -6 m/s? (deceleration) 
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2 2 2 
суу СШ e 
2a ^ 2(6) 


Total distance s = $; + s2 = 3 + 18.75 = 21.75 = 22 т. 
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20. 


21. 


22. 


23. 


























Driver X Driver Y 
Reaction time 0.25 Reaction time 0.35 
A (deceleration on hard | Speed - 54 km/h Speed - 72 km/h 
braking - 6 m/s?) Braking distance a- 19 m Braking distance с = 33 m 
Total stopping distance b = | Total stopping distance d = 39 
22m m. 
B (deceleration on hard | Speed - 54 km/h Speed - 72 km/h 
braking = 7.5 m/s’) Braking distance e = 15 m Braking distance g - 27 m 
Total stopping distance f = 18 | Total stopping distance h = 33 
m m. 
2 2 
= 0*-15". 19 m 
2(-6) 


So, b = 0.2 х 15 + 19 = 33 т 

Similarly other can be calculated. 

Braking distance : Distance travelled when brakes are applied. 

Total stopping distance = Braking distance + distance travelled in reaction time. 

Vp = 90 km/h = 25 m/s. 

Vc = 72 km/h = 20 m/s. а 2-4 аа 
In 10 sec culprit reaches at point B from A. А] Р 
Distance converted by culprit S = vt = 20 x 10-200 m. E ig 
At time t = 10 sec the police jeep is 200 m behind the 

culprit. 

Time = s/v = 200 / 5 = 40 s. (Relative velocity is considered). 

In 40 s the police jeep will move from A to a distance S, where 

S = vt = 25 x 40 = 1000 m = 1.0 km away. 

-. The jeep will catch up with the bike, 1 km far from the turning. 

vı = 60 km/hr = 16.6 m/s. 

V2 = 42 km/h = 11.6 m/s. 

Relative velocity between the cars = (16.6 – 11.6) = 5 m/s. = EX 
Distance to be ни. by first car ёр +t=10 а / — 
Time = t = s/v = 0/5 = 2 sec to cross the 2™ car. | хэ |= 
In 2 sec the 1° car moved = 16.6 x 2 = 33.2 т Ён Жэ 
H also covered its own length 5 m. 


Before crossing After crossing 


г. Total road distance used for the overtake = 33.2 + 5 = 38 m. 
и = 50 m/s, в = -10 m/s? when moving upward, v = 0 (at highest point). 
2 2 2 
E acu) Pac 
maximum height reached - 125 m 
b) += (v—u)/a = (0—50)/-10 = 5 sec 
с) 5 = 125/2 = 62.5 m, и = 50 m/s, a =—10 m/s’, 








а)5- 
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24. 


25. 


26. 


27. 


28. 


v? — и? = 2as 








= v = (и? +2аз) = 450?  2(-10)(62.5) = 35 m/s. 
Initially the ball is going upward 

и=-7 m/s, s = 60 m, a = g = 10 m/s? 

s= ute at — 60 =-7t + 1/2 10t? 

—5t^- 7t-60-0 


ЯВ 7X449-4.5(-60) 7:35.34 








2x5 10 
taking positive sign t = LIA 242sec(..tz-ve) 


Therefore, the ball will take 4.2 sec to reach the ground. 
u = 28 m/s, у = 0, a = -g = -9.8 m/s? 
2 2 2 2 
a) s= У 20 0 —28 дор 
2а 2(9.8) 
У-и _ 0—28 = 2.85 
—9.8 
{'=2.85—1= 1.85 
у'=и+аї' = 28 – (9.8) (1.85) = 9.87 m/s. 


г. The velocity is 9.87 m/s. 





b) timet- 





c) No it will not change. As after one second velocity becomes zero for any initial velocity and 
deceleration is g = 9.8 m/s? remains same. Fro initial velocity more than 28 m/s max height 


increases. 
For every ball, и = 0, а = g = 9.8 m/s? 


г. 4" ball move for 2 sec, 5" ball 1 sec and 3™ ball 3 sec when 6" ball is being dropped. 


For 3 ball t = 3 sec 
Se utat = 0 + 1/2 (9.8)3? = 4.9 m below the top. 


For 4 ball, t = 2 sec 
S; = 0 + 1/2 gt? = 1/2 (9.8)2? = 19.6 m below the top (и = 0) 
For 5^ ball, t = 1 sec 
S, = ut + 1/2 at? =0+ 1/2 (9.8)t? = 4.98 m below the top. 
At point B (i.e. over 1.8 m from ground) the kid should be catched. 
For kid initial velocity и = 0 
Acceleration = 9.8 m/s? 
Distance S = 11.8— 1.8 = 10m 


= utat — 10 = 0 + 1/2 (9.8) 2 


5 12 = 2.04 > {= 1.42. 

In this time the man has to reach at the bottom of the building. 
Velocity s/t = 7/1.42 = 4.9 m/s. 

Let the true of fall be ‘t’ initial velocity и = 0 
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29. 


30. 


31. 


32. 


Acceleration a = 9.8 m/s? 
Distance S = 12/1 m 22722 


"Sz асар 


23 2 1.66 m/s Ї 
+ 
= 12.1 = 0 + 1/2 (9.8) x t? 


тос 
Me 
—Ü- ша» 2.46 > t - 1.57 sec Bd 


For cadet velocity - 6 km/hr - 1.66 m/sec 

Distance = vt = 1.57 x 1.66 = 2.6 m. 

The cadet, 2.6 m away from tree will receive the berry on his uniform. 
For last 6 m distance travelled s = 6 т, u=? 

t-0.2sec, a = g = 9.8 m/s? 


ss м+заё 6 = u(0.2) + 4.9 x 0.04 


= и = 5.8/0.2 = 29 m/s. em] | код sec 
For distance x, и = 0, v = 29 m/s, а= g = 9.8 m/s? 
2 2 2 2 
pa ЫШ A a бен 
2а 2х9.8 
Total distance = 42.05 + 6 = 48.05 = 48 m. 


Consider the motion of ball form A to B. 





В — just above the sand (just to penetrate) 
и=0, а=9.8 т/52, $=5 т 
S= иар 
2 

=> 5 = 0 + 1/2 (9.8) 
> = 5/4.9 = 1.02 > t = 1.01. 10cm 
г. velocity at B, v = u + at = 9.8 x 1.01 (и = 0) 29.89 m/s. Е 
From motion of ball in sand 
u4 = 9.89 m/s, м1 = 0, а=?, $ = 10cm = 0.1 m. 

v?-u? 0-(9.89y 

2s 2x0.1 

The retardation in sand is 490 m/s’. 


a= = – 490 m/s? 





For elevator and соіп и = 0 
As the elevator descends downward with acceleration a’ (say) 
The coin has to move more distance than 1.8 m to strike the floor. Time taken t = 1 sec. 


a 
| [eon 


S.- utat =0+ 1/2 в(1)? = 1/2g 


се ut+ tat? = u + 1/2a(1? = 1/2a 


+ 
m 
"ei 
N 
о 


Total distance covered Бу сот is given Бу = 1.8 + 1/2 а = 1/2р т 
— 1.8 +а/2 = 9.8/2 = 4.9 

=> a= 6.2 m/s! = 6.2 x 3.28 = 20.34 ft/s’. 

It is a case of projectile fired horizontally from а height. 
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В = 100 т, g = 9.8 m/s? 
a) Time taken to reach the ground t = J(2h/g) 








- (2100. 4.51 sec. nad 
b) Horizontal range x = ut = 20x4.5 = 90 m. 100m S 
c) Horizontal velocity remains constant through out the Ба? ЭЭ 
motion. 1 
At A, V = 20 m/s Wo ou 


А\Му=и+а+ = 0 + 9.8 х 4.5 = 44.1 m/s. 


Resultant velocity V, = 4/(44.1)2 +202 = 48.42 m/s. 


V 
TanBs 2X 2354 22 595 
М, 20 


=> В = tan” (2.205) = 60°. 
The ball strikes the ground with a velocity 48.42 m/s at an angle 66° with horizontal. 
33. u=40 m/s, а = g= 9.8 m/s’, Ө = 60° Angle of projection. 
u? sin? Ө _ 402(ѕіп 60°)? _ 
2g 2x10 
b) Horizontal range X = (и? sin 20) / g = (40? sin 2(60°)) / 10 = 80.3 m. 


a) Maximum height h = 60 m 
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34. 


35. 


36. 


37. 





g = 9.8 m/s’, 32.2 ft/s’ ; 40 yd = 120 ft 
horizontal range x = 120 ft, и = 64 ft/s, 0 = 45? zum ft 
We know that horizontal range X = u cos Ot я 5 
120 120 ft 
t=- ri = 2.65 sec. 
ucos0 64cos 45° 
: 1 1 
= u sin O(t) — 1/2 gt? = 64————— -—(32.2)(2.65)? 

y (t) g То z (32-2)(2.65) 


= 7.08 ft which is less than the height of goal post. 


In time 2.65, the ball travels horizontal distance 120 ft (40 yd) and vertical height 7.08 ft which 
is less than 10 ft. The ball will reach the goal post. 


The goli move like a projectile. 
Here h = 0.196 m 
Horizontal distance X = 2 m 


Acceleration g = 9.8 m/s’. u 
Time to reach the ground i.e. ETA 
t= jn - 1225 = 0.2 sec 
9 9.8 ул — 3 
Horizontal velocity with which it is projected be u. 
s х= и 
Spe 228 - 10 m/s. 
t 02 


Horizontal range X = 11.7 + 5 = 16.7 ft covered by te bike. 
g = 9.8 m/s? = 32.2 ft/s’. 
gx? sec? Ө 

242 


To find, minimum speed for just crossing, the ditch 


y-xtan0O- 





y-0(-. Ais onthe x axis) 








2 2 2 2 
0 gx“ sec* 0 gx gx 
=> х{ап 0 = 9X SEC Y > у? = = = 
202 2xtan0 2sinOcosO  sin20 
>u= 2.2167) (because sin 30° = 1/2) 


1/2 
=> и = 32.79 ft/s = 32 ft/s. 
tan 0 = 171/228 = Ө = tan” (171/228) 
The motion of projectile (i.e. the packed) is from A. Taken reference axis at A. 
7. 0 =-37° as и is below x-axis. 
и = 15 ft/s, в = 322 ft/s’, у=-171 ft 


2 2 
0 
= х{ап 0 – x gsec 9 
d 202 “19 
2 u 
<. —171 =-х (0.7536) - x'g(1-568) 1718 
2(225) 
= 0.1125х? + 0.7536 x - 171-0 = 


x = 35.78 ft (can be calculated) гак 
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Horizontal range covered by the packet is 35.78 ft. 
So, the packet will fall 228 — 35.78 = 192 ft short of his friend. 





3.11 


Chapter-3 





38. 


39. 


40. 


41. 


42. 


Here и = 15 m/s, Ө = 60°, g = 9.8 m/s? 

u?^sin20 _ (15)? ѕіп(2х60°) 
9.8 

In first case the wall is 5 m away from projection point, so it is in the horizontal range of 


projectile. So the ball will hit the wall. In second case (22 m away) wall is not within the 
horizontal range. So the ball would not hit the wall. 


= 19.88 m 





Horizontal range X = 


Total of flight T = 248119 


АВ 


change in displacement Ин |н не“ 
time 

From the figure, it can be said AB is horizontal. So there is no effect of vertical component of 

the velocity during this displacement. 


Average velocity = 





So because the body moves at a constant speed of ʻu cos Ө’ in horizontal direction. 
The average velocity during this displacement will be u cos 0 in the horizontal 


direction. JT 
During the motion of bomb its horizontal velocity u remains constant and is same 54 

^A 
as that of aeroplane at every point of its path. Suppose the bomb explode i.e. ——u 


reach the ground in time t. Distance travelled in horizontal direction by bomb - | 
ut = the distance travelled by aeroplane. So bomb explode vertically below the 
aeroplane. 
Suppose the aeroplane move making angle Ө with horizontal. For both bomb and 
aeroplane, horizontal distance is и cos Ө t. t is time for bomb to reach the ground. 
So in this case also, the bomb will explode vertically below aeroplane. 


Let the velocity of car be и when the ball is thrown. Initial velocity of саг is = Horizontal 
velocity of ball. 


Distance travelled by ball B Sy = ut (in horizontal direction) i 
9.8 m/s 
And by car S. = ut + 1/2 at? where t time of flight of ball in air. 


г. Car has travelled extra distance 5. — S, = 1/2 аг. 
Ball can be considered as a projectile having 0 = 90°. 
s 1m/s? 
-t= 2usin Ө а 2х9.8 B car 
g 9.8 
^A Se- Sp = 1/2 at? 22m 


-. The ball will drop 2m behind the boy. 
At minimum velocity it will move just touching point E reaching the ground. 








A is origin of reference coordinate. 
If u is the minimum speed. 
X = 40, Y =-20, 0 = 0° 






20 ст 






x? sec? 0 30cm 


2.2 (because в = 10 m/s? = 1000 
u 


<. Yzxtan0-g 


cm/s’) 
1000 x 40? x1 


=> -20-xtan0- 5 
2u 
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43. 


44. 


45. 


=> u = 200 cm/s = 2 m/s. 
-. The minimum horizontal velocity is 2 m/s. 


а) As seen from the truck the ball moves vertically upward comes back. Time taken = time 
taken by truck to cover 58.8 m. 


л time = È 2505 4 sec. (V = 14.7 m/s of truck) 
у 14.7 


u=?,v=0,g=-9.8 m/s? (going upward), t = 4/2 = 2 sec. 
v=utat>0=u-9.8 x2>u=19.6 m/s. (vertical upward velocity). 


b) From road it seems to be projectile motion. 
Total time of flight 2 4 sec 


In this time horizontal range covered 58.8 m = x 
/. X2ucosOt 
=> u cos Ө = 14.7 (1) 
Taking vertical component of velocity into consideration. 
y= o? -(19.6Y . 19.6 m [from (a)] 
2x(-9.8) 
л y=u sin t- 1/2 gt? 
> 19.6 = u sin Ө (2) – 1/2 (9.8)2? = 2u sin 0 = 19.6 x 2 





=> u sin Ө = 19.6 ...(ii) 
USInO cd 0 — 198 = 1.333 
ucosO 14.7 


= Ө = tan (1.333) = 53° 
Again u cos 0 - 14.7 


и= АР 29449 m/s. 


ucos 53? 
The speed of ball is 42.42 m/s at an angle 53° with horizontal as seen from the road. 


0 = 53°, so cos 53° = 3/5 

Sec? 0 - 25/9 and tan 0 - 4/3 

Suppose the ball lands on nth bench 

So,y-(n-1)1 ..(1) [ballstarting point 1 m above ground] 


35 m/s 





2 2 
Again y = x tan 0— aS [х= 110 + n- 1 = 110 + y] 
u 
10(110 + у)2(25/9) 





=> у = (110 + y)(4/3) – 52282 


440 | Ay, 250(110 + у)? 
з 3 18 x 352 
From the equation, y can be calculated. 


=> 





и. У=5 

>n-1=5>n=6. 

The ball will drop in sixth bench. 

When the apple just touches the end B of the boat. 
x=5m,u=10m/s, g=10 m/s’, 0 =? 
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= u? sin20 
Ч 
2... 
м. шив — 5 = 10 sin 20 
=> sin 20 = 1/2 = sin 30° or sin 150° 5m 1m 
— Ө = 15° or 75° 
Similarly for end C, х= бт 
Then 20, = sin * (gx/u?) = sin (0.6) = 182° or 71°. 
So, for a successful shot, 0 may very from 15° to 18° or 71? to 75°. 





. a) Here the boat moves with the resultant velocity R. But the 
vertical component 10 m/s takes him to the opposite shore. 
Tan 0 = 2/10 = 1/5 
Velocity - 10 m/s 
distance = 400 m 
Time = 400/10 = 40 sec. 

b) The boat will reach at point C. 


In ДАВС, tang = ВС BC _1 
АВ 400 5 
— ВС = 400/5 = 80 m. 
. а) The vertical component 3 sin Ө takes him to 


opposite side. 





——» 5km/h 


3sinü —3km/h 
Distance = 0.5 km, velocity = 3 sin 0 km/h sin m W Е 


_ Distance _ 0.5 








Time = —- hr S 
Velocity 3510 
= 10/5т0 min. 
b) Here vertical component of velocity i.e. 3 km/hr takes him to opposite side. 
Time - Distance 2022 0.16 hr 
Velocity 3 5km/h 5km/h 
-. 0.16 hr = 60x 0.16 = 9.6 = 10 minute. 3km/h 


Ө 


. Velocity of тап V,,=3 km/hr 

BD horizontal distance for resultant velocity R. 
X-component of resultant В, = 5 + 3 cos Ө 

t - 0.5 / 3500 

which is same for horizontal component of velocity. 


5+3cos0 


Н = ВО = (5 +3 cos Ө) (0.5/3 sin Ө) = 
6sin 0 500m 
For Н to be min (4Н/40) = 0 


а [5+3с0$0 \ _ 
90\ 690 


= —18 (sin? 0 + cos? Ө) – 30 cos 0 = 0 
=> -30 cos 0 = 18 => cos Ө = -18 / 30 = -3/5 
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51. 


Sin Ө = 41— cos? 0 = 4/5 


H= 5+3cos0 5-3(-3/5) 2 


6sin0 6х(4/5) 3 





In resultant direction R the plane reach the point B. 
Velocity of wind V, = 20 m/s 
Velocity of aeroplane V, = 150 m/s 

In AACD according to sine formula 

d Sink F | шон 150 n Е ў 2 1 x 
=> A = sin (1/15) 

a) The direction is sin ^ (1/15) east of the line AB. 

b) sin * (1/15) = 3°48’ 

=> 30° + 3°48’ = 33748! 




















В = 41502 +202 + 2(150)20cos 33°48’ = 167 m/s. 
Time = S... 200000 _ 2994 sec = 49 = 50 min. 
у 167 


Velocity of sound v, Velocity of air и, Distance between A and В be x. 





In the first case, resultant velocity of sound = v + и 


= (у+и)їү=х 





—vtuzx/t  ..(1) 
In the second case, resultant velocity of sound = v-u 

voy» B 
“.(v—U) tz =x ‚у 
—v-u-x/t  ..(2) o m 

х 
From (1) and (2) 2v= X. 2| л А 
t, t; t, ty 


х|1 1 
>v= = —+— 
From (i) u= X-v2X-| А+“ | = цай 


-. Velocity of air V = X шин 
2 t t 








And velocity of wind и = хо 
21125 


Velocity of sound v, velocity of air u 

Velocity of sound be in direction AC so it can reach B with resultant velocity AD. 
Angle between v and и is 0 > x/2. 

Resultant AD = (у? - u2) 


Here time taken by light to reach B is neglected. So time lag between seeing and hearing = 
time to here the drum sound. 277 





3.15 А x D В 


Chapter-3 





52. 

















T Displacement _ х 
velocity 42-12 
х х А 
> = [from question no. 50] 
V(v+uyv—u) (x/t)(x/tz) 


The particles meet at the centroid O of the triangle. At any instant the particles will form an 
equilateral AABC with the same centroid. 


Consider the motion of particle A. At any instant its velocity makes angle 30°. This component 
is the rate of decrease of the distance AO. 








A 
2 
Initially AO = 2. |a? [8] ..8 
3 2) 3 
Therefore, the time taken for AO to become zero. 1 2 
а/ {3 _ 2a 2а 








vcos30? Jav x43 "ao 


Жжжж 
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SOLUTIONS TO CONCEPTS 
CHAPTER - 4 


m = 1 gm = 1/1000 kg 
m; = 1gm m» = 1 gm 
Е = 6.67 x107 М> Е = Smms 


6.67 x10711 x (1/1000)x (1/1000) 


r? 


2. 6.67x10 710? 1077 _, 
6.64х1077 1077 


26.67 х 20" = 





>r 





=т= 41 - 1 metre. 

So, the separation between the particles is 1 m. 

A man is standing on the surface of earth 

The force acting on the man = mg ......... (i) 

Assuming that, m = mass of the man = 50 kg 

And g = acceleration due to gravity on the surface of earth = 10 m/s? 
W = mg = 50x 10= 500 М = force acting on the man 

So, the man is also attracting the earth with a force of 500 N 

The force of attraction between the two charges 














1 1 
— ERE diaz - 9 х 10 9 > 
4nen r r 
The force of attraction is equal to the weight 
_ 9x10? 
Mg = 2 
ОТО 9x10 1 
г = eto = eae [Taking g=10 m/s*] 
„pa |9108 3x10" t 
m Ут 
For example, Assuming m= 64 kg, 
4 
r= 3x10" 3494 = 3750 т 
464 8 
mass = 50 kg 


г = 20 ст = 0.2 т 
mm _ 6.67х10`''х2500 


pacis 
9 r? 0.04 





2 


Coulomb's force Eois d =9x 10° 004 
4л r | 








E 6.7x10711x2500 9х109 ха? 
6 Гот = = 








0.04 0.04 
-11 -9 
ЕТСЯ 6.7х10 хон p И hos 
0.04 9x10 
= 18.07 x 1079 


q = 418.07 х10-18 = 4.3 x 10°C. 
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The limb exerts a normal force 48 N and frictional force of 20 N. Resultant magnitude of 
the force, 


В = J(48)? +(20)2 


= 42304 +400 


= 42704 Там 
= 52 № 

The body builder exerts a force = 150 N. 

Compression x = 20 cm = 0.2 т 


.. Total force exerted by the man = f = kx Е 7УУУ* Е 





=> kx = 150 
к= 150 21500 _ 750 мт 
0.2 2 


Suppose the height is h. 
At earth station Е = GMm/R? 
M - mass of earth 
m - mass of satellite 
R = Radius of earth 

_ GMm GMm 
Fa: eo ung et 

(R+h)*  2R? 

= 26? = (R +h) >R? -h° -2Rh=0 
эй + 2Rh—R*=0 


2 2 
(-2R fn +48. | оз 


Н = = 
2 2 


=-R+ JR = КМ2 -1) 
- 6400 x (0.414) 


= 2649.6 = 2650 km 
Two charged particle placed at а sehortion 2m. exert a force of 20m. 





Е; = 20 М. r4 = 20 ст 
Е =? г; = 25 ст 
Since, F= —— 992, F« 1. 

4n£y r r? 

2 2 2 
HIE Fp =F yx n = 20x (22) -20x 16 = 64 -128 N=13N. 
Е, n гә 25 25 5 
ПиЙс 





The force between the earth and the moon, Е= С 5 
r 


Ez 6.67 x107!!x7.36x107? x6x10?^ - 6.67 x 7.36x 1035 


(5.8105 f (8.8)? x10" 
= 20.3 x 10? 22.03 x 10? N 2 2 x10? N 
Charge on proton = 1.6 x 1077 


1 Q5 _ 9x10? х(16) x10? 


4n£, r? r? 








E F electrical эй 


mass of proton = 1.732 х 107 kg 
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myn, _ 6.67 х10-'' x(1.732 10 ^ 
г2 ~ r2 


9x10? х(1.6} x108 
Fas E _ 9x(t.6j x10 za eu 
Fy 6.67x10 'x(1732)410 ^ 6.67 (1.732)? 109 ` 
2 
з 


The average separation between proton and electron of Hydrogen atom is г= 5.3 10 m. 

ач» _ 9x10? «(01079 
r? (5.3x10" 

b) When the average distance between proton and electron becomes 4 times that of its ground state 


1 qa _ 9x10 x(Lexto F _ өх16у 
Ane, (дг) 16х(5.3)? х10722 16х(5.3Р 
= 0.0512 x 107 = 5.1 x 10? М. 
The geostationary orbit of earth is at а distance of about 36000km. 
We know that, g' = GM / (R+h)* 
At h = 36000 km. g’ = GM / (360006400)? 
-Ф 6400x6400 256 


S = =0.0227 
g 42400x42400 106х106 


= g' = 0.0227 x 9.8 = 0.223 

| taking g = 9.8 m/s? at the surface of the earth] 

A 120 kg equipment placed in a geostationary satellite will have weight 
Мо = 0.233 x 120 = 26.79 = 27 М 


F gravity = 














a) Coulomb’s force = F = 9 x 10° x =8.2x10°N. 


1077 





Coulomb's force F = 





Жжжж 
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CHAPTER - 5 
m - 2kg 
S = 10m 
Let, acceleration = a, Initial velocity и = 0. 
S- ut * 1/2 at 
> 10 = Фа (2?) > 10 = 2a > a = 5 mls? 
Force: Е = ma = 2 х 5 = 10N (Ans) 
u = 40 km/hr = 20002 11.11 m/s. 
3600 
т = 2000 kg; v=0;s=4m 
acceleration ‘а’ = У = 0? (1.11)? 5:169 49 еда m/s? (deceleration) 
2s 2x4 8 
So, braking force = F = ma 2000 x 15.42 = 30840 = 3.08 10^ N (Ans) 
Initial velocity и = 0 (negligible) 


у = 5 х 106 mis. 
s = 1ст = 1 x 10m. 


| 42-42 (Бх108-0 _ 2510? 
acceleration а = = = 





= 12.5 x 10'^ms ? 





2s 2х1х1072 2x107? 
Е = та = 9.1 x 10?! x 12.5 x 10^ = 113.75 x 10 = 1.1 x 10 5 №. 
Т: 
0.39 0.29 
fig 2 1 
fig 3 
д = 10m/s? T-0.3920— T 20.39 = 0.3 х 102 3N 


Т, - (0.29 + T) 202 T, = 0.2g + T = 0.2 х 10 +3 = 5N 
-. Tension in the two strings аге 5N & ЗМ respectively. 


5--» 


[B A| 


Fig 1 





Fig 2 Fig 3 


Т+та-Е= 0 Т-та= 0 =Т= та............ (i) 
> ЕЕТ + ма => ЕЕТ+Т from (i) 
>2T=F>T=F/2 
m = 50g = 5 x 10? kg 
As shown in the figure, 
Slope of OA = ТапӨ AD есе 
OD 3 
So, att = 2sec acceleration is 5m/s? 
Force = ma = 5 x 10?x 5 = 0.25N along the motion 
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Att-4 sec slope of AB = 0, acceleration = 0 [ tan 0° = 0] 
„.Гогсе = 0 
At t = 6 sec, acceleration = slope of BC. 
In АВЕС = tan Ө = BE - 8 = 5 
ЕС 3 


Slope of BC = tan (180? — Ө) = — tan Ө = —5 m/s? (deceleration) 
Force = ma = 5 x 10? 5 = 0.25 М. Opposite to the motion. 

Let, Е — contact force between тд & mg. 

And, f > force exerted by experimenter. 


R В 
s— 
f [тч | | m2 | 
=. mga<— F тва +— F 
Fig 1 
mag mag 


Fig 2 Fig 3 
F*m4a-f-0 mg a -f =0 
= Е =#- тда .......... (1) > F= тва ......... (ii) 


From eqn (i) and eqn (ii) 
= #–- тла= та => = тва + тда => #= а (тд + т в). 


Ma 


o> f= Mus (mg + Ma) = + | [because а = F/mg] 
mg m 


B 


-. The force exerted by the experimenter is 9 
mg 
г= 1mm = 10? 
‘п’ = 4mg = 4 x 10 kg 





s = 10°т. 
у=0 
u = 30 m/s. 
NT ы 
So, a= “М = 30x30 . 45x10 mis? (decelerating) 


2s 2x10? 


Taking magnitude only deceleration is 4.5 x 10? m/s? 

So, force Е = 4 x 10? x 4.5 10° = 1.8 № 

x = 20 cm = 0.2m, К = 15 N/m, m = 0.3kg. 

Эх 2-1502) 3. —10m/s* (deceleration) 
X 0.3 0.3 

So, the acceleration is 10 m/s? opposite to the direction of motion 

Let, the block m towards left through displacement x. 

F4 =k, x (compressed) 

F2 = k2 x (expanded) 

They are in same direction. 

Resultant F = Е, + Е > Е = kı x + k2 x > F = x(k, + k2) 





! Е 
Acceleration а = = 
т 





So, а = acceleration = ts - QUEE) opposite to the displacement. 
m = 5 kg of block A. [В] 
та = 10 М АБЫ «02m» 


— a 10/5 = 2 mis’. 
As there is no friction between A & B, when the block A moves, Block B remains at rest in its position. 
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Initial velocity of A = u = 0. R m 
Distance to cover so that B separate out s = 0.2 m. 
Acceleration a = 2 m/s? та +— 10N 

2. s= ut + ^ at? 
= 0.2 = 0 + (6) x2 x Ê > =0.2 = t = 0.44 sec = t= 045 sec. М 
a) at any depth let the ropes make angle 0 with the vertical 
From the free body diagram F dA Е F 

! Е 4 
F cos Ө + F cos Ө - mg = 0 m Ба 
—2Fcos0-mgoF- mg € 
2cos0 i 

As the man moves up. 9 increases i.e. cos 0 decreases. Thus F d M 
increases. Fig-1 Fig-2 
b) When the man is at depth h 

cos 0 = = 442, 

(4/2) +h? "i 
h 
Force = — P9 =- MY др + ah? 
h 4h й 
2 
a +h? 
4 


From the free body diagram 

2 R+0.5x2-w=0 

>R=w-0.5x2 

= 0.5 (10 2) = AN. 

So, the force exerted by the block A on the block B, is 4N. 





a) The tension in the string is found out for the different conditions from the free body diagram as 
shown below. T 


T - (W + 0.06 x 1.2)=0 


=Т= 0.05 x 9.8 + 0.05 x 1.2 le] e 
= 2m/s? 
0.55 N. (obs 


Fig-1 Fig-2 0.05x1.2 
b) . T*0.05x 1.2 — 0.05 x 9.8=0 Т 
=Т= 0.05x9.8-0.05 x 1.2 1-а 
= 0.43 М {1.2mis? 
. ^ 
T Fig-3 Fig-4 
с) When the elevator makes uniform motion _а=0 
= Unifi 
T-W=0 oho 
=Т= \М/=0.05 х 9.8 W 
= 0.49 М Fig-5 Fig-6 T 
d) T +0.05 х 1.2-W=0 [o eo 5 
=Т= W-0.05 x 1.2 е Fig-7 0.05x1.2 
= 0.43 М. Fig-8 
e) Т- (0 + 0.05 x 1.2) =0 Tiam? d 
=Т= W*005x12 ра 0.05х1.2 
= 0.55 М Fig-9 Fig-10 
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f) When the elevator goes down with uniform velocity acceleration = 0 T 
Teen Uniform 

=Т= W=0.05 x 9.8 velocity 2 

= 0.49 М. “Эрт Зан 


When the elevator is accelerating upwards, maximum weight will be recorded. 
R-(W+ma)=0 

=>R=W + ma = m(g + a) max.wt. 

When decelerating upwards, maximum weight will be recorded. 














R+ma-W=0 R 
>R=W- ma = m(g - a) ta 
So, m(g + a) = 72x 9.9 44411) 
m(g — a) = 60 x 9.9 ...(2) 
Now, mg + ma = 72 x 9.9 > mg — ma = 60 x 9.9 w 
э 2mg = 1306.8 ma R 
1306.8 

Mr agg d їг 
So, the true weight of the man is 66 kg. р 
Again, to find the acceleration, mg + ma = 72 х 9.9 s) 
даі 72х9.9-66х9.9_ 99 ор iná 

66 1 
Let the acceleration of the 3 kg mass relative to the elevator is ‘a’ in the downward direction. 
As, shown in the free body diagram 
Т-154-1.5(0/10)-15а:0 from figure (1) 
and, T – 3g — 3(g/10) + За = 0 from figure (2) 
=> T = 1.5 0 + 1.5(9/10) + 1.5a ... (i) T T 
And T = 3g + 3(g/10) – За ... (ii) 
Equation (i) x 2 > 3g + 3(g/10) + За = 2T 
Equation (ii) х 1 = 3g + 3(g/10) - За = T 
Subtracting the above two equations we get, T = 6a 1.59 3g 
Subtracting T = ба in equation (ii) 1.5(g/10) 3(g/10) 
ба = 3g + 3(g/10) — За. Miis 3a 
33g (9.8)33 id Fig-2 
> 9a = —~> a= —— = 32.34 
10 10 
>a = 3.59 .. T=6a=6 х 3.59 = 21.55 
T! = 2T = 2 x 21.55 = 43.1 N cutis T, shown in spring. 
Mass = M. - Е 4.39 = 4.4 kg 
g 9.8 

Given, m = 2 kg, К = 100 N/m 
From the free body diagram, kl – 2g = 0 > К = 2g Р? kl 
= |= 29-2598 196 _ 9 196 =0.2т 


k 100 100 
Suppose further elongation when 1 kg block is added be x, 2g 
Then k(1 + x) = 3g 
=> Кх = 34-249 =9=9.8 N 


эхэ 98 = 0.098 =0.1 т 
100 
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а = 2 mls? 

kl — (29 + 2а) = 0 

—kl = 2g + 2a 

=2x98+2x2=196+4 

> = 236 _ 0.236 m = 0.24 m 
100 


When 1 kg body is added total mass (2 + 1)kg = 3kg. 
elongation be l4 
kl, = 39 + 3a =3 х 9.8 +6 


=> |, = — = 0.0334 = 0.36 
100 


Further elongation = |. – | = 0.36 — 0.12 m. 


Let, the air resistance force is F and Buoyant force is B. 


Given that 

Ра « v, where v — velocity 

= Ра = kv, where К-» proportionality constant. 
When the balloon is moving downward, 
B+kv=mg 4440) 


p= ВК 


For the balloon to rise with a constant velocity v, (upward) 


let the mass be m 
Here, B – (mg + kv) = 0 ір) 
= В = то + Ку 
á B -kw 
g 
So, amount of mass that should be removed = M – m. 
_ B+kv B-kv B-«kv-B-«kv 2kv _ 2(М9-В) 


>m 











g g g g G 
When the box is accelerating upward, 
U — mg - m(g/6) = 0 
=> U = mg + mg/6 = m(g + (9/6)} = 7 mg/7  ...(i) 
> т = 60/79. 


When it is accelerating downward, let the required mass be M. 


U - Mg + Mg/6 = 0 
6Mg-Mg  5Mg m= BY 
6 6 





=> U= 


Q 


Mass to be added = M- т = 


-S(S- 120 
д (35) 35\g 





6U vm д 
54 7g 9\5 7 


se md I жың) 
351 6 g 
- 2/5 m. 


г. The mass to be added is 2m/5. 


kl 
2те? 


39 
2x2 


mg 
mg kV 
Fig-1 Fig-2 


V 

g/6T 
mg 
mg/6 


Fig-1 


V 

g/6T 
mg 
mg/6 


Fig-2 
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Given that, Е -üx À and mg act on the particle. 


Fay 
For the particle to move undeflected with constant velocity, net force should be zero. A 
c EDS mE — x 
- (ux A) o mg 50 zu 
S (и х А) = -mg mg 


Because, (üx A) is perpendicular to the plane containing и and A, ü should be in the xz-plane. 
Again, и A sin 0 = mg 


=, mg 
Asin 
u will be minimum, when sin 0 = 1 > 0 = 90° 





2 Umin = mg along Z-axis. 
A 





T T 

m4g mog 

m4a moa 
m, = 0.3 kg, m; = 0.6 kg 
T - (mig + mya) = 0 ...(i) => T = mg + туа 
T + та – т29 =0 240) =Т= mg – та 


From equation (i) and equation (ii) 

mig + туа + та — mag = 0, from (i) 

= a(m + m2) = g(m» — mı) 

зах [пасты 94 205) = 9.266 me. 

m, +т> 0.6 - 0.3 

а) {= 2 sec acceleration = 3.266 ms? 
Initial velocity и = 0 
So, distance travelled by the body is, F 
S = + 1/2 at? > 0 + 4(3.266) 2? = 6.5 m 

b) From (i) T = m,(g + a) = 0.3 (9.8 + 3.26) 3.9 М 

c) The force exerted by the clamp on the pully is given by 





T T 
Е-2Т=0 
Е=2Т=2х39=7.8М. 
а = 3.26 m/s? 
T=3.9N 


After 2 sec mass m, the velocity 
V=utat=0+ 3.26 x 2 = 6.52 m/s upward. 
At this time m» is moving 6.52 m/s downward. 
At time 2 sec, m; stops for a moment. But т; is moving upward with velocity 6.52 m/s. 
It will continue to move till final velocity (at highest point) because zero. 
Неге, v=0 ; и = 6.52 
= -g = -9.8 m/s? [moving up ward m] 
V = u + at > 0 = 6.52 +(-9.8)t 
=> t = 6.52/9.8 = 0.66 =2/3 sec. 


During this period 2/3 sec, m; mass also starts moving downward. So the string becomes tight again 
after a time of 2/3 sec. 
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Mass per unit length 3/30 kg/cm = 0.10 kg/cm. 
Mass of 10 cm part = m, = 1 kg 
Mass of 20 cm part = т» = 2 kg. 
Let, Е = contact force between them. 
From the free body diagram 
Е-20-10-0 4440) 
And, 32 -F – 2а = 0 ...(ii) 
From еда (i) and (ii) За — 12 20 > а = 12/3 = 4 m/s? 
Contact force F 20 + Ла = 20 + 1x4 = 24 М. 





ps 1a 
а T 
х NAON 
1g 
Fig-1 Fig-2 
Sin 04 = 4/5 g sin Ө, – (a+ T) = 0 
sin 0; = 3/5 = g пд 0, =а+Т ...(i) 


= Т+а- д ѕіп Ө; =0 
From eqn (i) and (ii), д sin 02 +a + a — g sin 6. = 0 





10m 20m 


Ва ^ 
1a 
хал в @[ 32N 
1g 2g 
a 
DN R2 
^9; 
ахь 1a 
1g 
Fig-3 
T-gsin0,—a=0 
=>T=gsin@,+a ...(ii) 


> 2а = g sin 0. – g sin 027g 223 =9/5 
5 5 
та 
—ра T 
Tue E 1 js 
m4g mag 
Fig-2 Fig-3 
From the above Free body diagram From the above Free body diagram 
Ма+Е-Т=0=>Т=ма+Е...(1) та + T — mg =0 ....(ii) 
= та + туа + Е — mag = 0 (from (i)) 
= а(т; + m2) + m5g/2 — m;g = 0 (because f = m'g/2) 
= а(ту + m5) — Mog 50 
=> а(т + тх) = т›9/2 > а= —29— 
2(m, =т2) 
: : msg : 
Acceleration of mass m4 is towards right. 
T T 
m4a 
mog 
m4g A 
тха 
F . 
Fig-1 Fig-2 ноз 
From the above free body diagram From the free body diagram 
T*mja-m(mgg*F)20 T - (mag + F + mza)=0 
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=Т= тод +Е-ма=>Т=59+1-5а...(1) 
>T = m5g +F + та > T = 2g + 1 + 2a ...(ii) 
From the eqn (i) and eqn (ii) 





5g + 1 — 5a = 2g + 1 + 2a > 3g - 7a = 0 —7a = 3g 5a 
>a= E = == = 4.2 m/s? [ g= 9.8m/s?] 
a) acceleration of block is 4.2 m/s? 5g 
b) After the string breaks m, move downward with force F acting down ward. F=1N 
та =F + m4g = (1 + 59) = 5(g + 0.2) Force = 1N, acceleration = 1/52 0.2m/s. 
So, acceleration = Force Ot ОВ (g * 0.2) m/s? 
mass 5 
T T/2 3(aı+a2) 
T/2 
lai 2(a1—az) 3g 
Fig-2 Fig-3 Fig-4 





Fig-1 


Let the block m+1+ moves upward with acceleration a, and the two blocks m; an m; have relative 
acceleration a; due to the difference of weight between them. So, the actual acceleration at the blocks 
m4, m» and тз will be a4. 

(а. — a5) and (a, + а2) as shown 

T=1g-1a,=0  ..(i)from fig (2) 

T/2 - 2g - 2(а. –- а) = 0 ..(ii) from fig (3) 

Т/2 - 39 - З(а1 + а) = 0 ...(ій) from fig (4) 

From eqn (i) and eqn (ii), eliminating T we get, 1g + 1a» = 4g + 4(а. + a2) > 5a;- 4а; = 3g (iv) 

From eqn (ii) and eqn (iii), we get 2g + 2(а. — a2) = 3g - 3З(а. – a2) = ба; + a2 = (v) 


ТЕТ 29 109 _ 199 

Solvin and а. = — апаа, = g – ба, = g-— = — 

ving (iv) (v) а. 29 27-9 179 29 29 
So, а, – a;- 29 19g 170 
29 29 29 


a, + ao = 29 , 199 _ 219 So, acceleration of m4, m2, тз ae 199 (up) Uy (doan) 219 (down) 
29 29 29 29 29 29 

respectively. 

Again, for m4, u = 0, s= 20cm=0.2m and a; = 220 [9 = 10т/52] 


1 19 


~S=ut+ аЁ = 0.2= 2x 9? = 1 = 0.25sec. 
2 29 
T T/2 T/2 
mig l | 
Fig-2 2а 39! 


Fig-3 Fig-4 
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30. 


31. 


32. 


m4 should be at rest. 


T-m4gz20 Т/2 – 29 – 2а; = 0 T/2 – 3g – 3a, =0 
=Т= тд ...(i) —T-4g-4a470 ...(ii) => T = 6g - ба; ...(iii) 


From eqn (ii) & (iii) we get 
ЗТ - 12g = 12g - 2T > T = 249/5= 4089. 
Putting yhe value of T eqn (i) we get, m, = 4.8kg. 





1a R 
T 
T 1a 
B 
1g 1g 
Fig-2 Fig-3 
T * 1a = 1g ...(i) Т - 1а =0 T- 1а (ii) 


From eqn (i) and (ii), we get 
14414:1)4-2а-0-а- 3 - 1° = 5m/s 


From (ii) T 2 1a = 5N. 





R T 
2T 
2m(a/2) 
2mg i 
Fig-2 Fig-3 
Ма-2Т=0 Т + Ма- М9 = 0 
=Ma = 2T > T = Ма /2. => Ма/2 + ma = Mg. (because T = Ma/2) 


= 3 Ма = 2 Mg >а = 29/3 
а) acceleration of mass M is 29/3. 
b) Tension T = Mg: Маз 285. М0 
2 2 3 3 


C) Let, R' = resultant of tensions = force exerted by the clamp on the pulley 


В! = УТ? « T? = J2T 


T T 
45? 
Mg 42Mg 2) 45° 
ыы. 
v2 25 3 R es 








Y T T 
Again, ТапӨ = x 1= 0 = 45°. 
So, itis san at an angle of 45? with horizontal. 
T 2T 
2ma 
2mg 
mg 2ma 
Fig-2 Fig-3 
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2Ма + Mg sind -T =0 2T + 2Ma - 2Mg = 0 

=> T = 2Ma + Mg sin Ө ...(i) = 2(2Ma + Mg sin Ө) + 2Ma — 2Mg = 0 [From (i)] 
= 4Ma + 2MgsinO + 2 Ma – 2Mg =0 
=> 6Ma + 2Mg sin30° — 2Mg = 0 
= 6Ma = Mg =a =9/6. 

Acceleration of mass M is 2а = s х 0/6 = 9/3 up the plane. 





Ma 
T 
ma 
0 
Mg mg 
FBD-1 FBD-3 


As the block 'm' does not slinover M', ct will have same acceleration as that of M' 
From the freebody diagrams. 





Т-Ма-Ма-0 ...(i) (From FBD - 1) 

T-M'a-Rsin0z20 ...(ii) (From FBD -2) 

К sin 0 - ma = 0 ...(iii) (From ЕВО -3) 

R cos Ө - mg =0 ...(iv) (From ЕВО -4) 

Eliminating T, R and a from the above equation, we get M - ан T 

cot 0 — 
.а)бБ44«Т-54:0-1-54-5а ...(i) (From FBD-1) ЭХ 
Again (1/2) – 4g -8a=0 > T = 89 – 1ба ...(ії) (from FBD-2) ы pa 
T/2 


From equn (i) and (ii), we get 
5g —5a = 8g + 16a > 21а = -3g > a = – 1/70 Р he 
So, acceleration of 5 kg mass is g/7 upward and that of 4 kg mass 





is 2а = 29/7 (downward). 59 49 
b) FBD-1 FBD-2 FBD-3 
R 
«B 
2g 
FBD-4 





Да – 1/2 = 0 > 8a - T = 0 > T = 8a ... (ii) [From ЕВО -4] 

Again, Т + 5a – 5g = 0 => 8a + 5a – 5g = 0 

=> 13a – 5g = 0 a = 59/13 downward. (from ЕВО -3) 
Acceleration of mass (А) kg is 2a = 10/13 (9) & 5kg (B) is 59/13. 





с) T T 
T/2 T/2 
Б | 
с\т 1g 2g 
1a 4a 
FBD-5 FBD-6 
T+1a-1g=0>T=1g-1a ...(i) [From FBD - 5] 


Again, 5 —2g-4a=0>T-4g-8a=0...(ii) [From FBD -6] 


=> 1g- 1a – 4g – 8а = 0 [From (i)] 





5.10 


Chapter-5 





35. 


36. 


37. 


38. 


=> a = -(g/3) downward. 

Acceleration of mass 1kg(b) is g/3 (up) 
Acceleration of mass 2kg(A) is 29/3 (downward). 
m4 = 100g = 0.1kg 

m» = 500g = 0.5kg 

ms = 50g = 0.05kg. 








Т + 0.5a – 0.59 =0 440) 
Т,-0.5а-0.05д-а 4401) 
T,*0.18- T * 0.05g70 ...(iii) 
From едип (ii) T4 = 0.059 + 0.05a  ...(iv) T T T 
From equn (i) T4 = 0.5g- 0.5a (v) ge 
Equn (iii) becomes T, + 0.1a - T + 0.05g = 0 J fa É 
= j T 
BE + 0.05а + 0.1a — 0.54 + 0.5а + 0.05g = 0 [From (iv) os, 1059 " 05g. бла 0.1g 
ies FBD-3 
= 0.65а = 0.49 > а = 25225 g= s g downward FBD-1 FBD-2 
0.65 65 13 
Acceleration of 500gm block is 8g/13g downward. 
m = 15 kg of monkey. a = 1 т/з?. 
From the free body diagram 2 
г. Т- [159 + 15(1)] = 0 =Т= 15 (10 +1) > T215x11— Т= 165 М. fe 
The monkey should apply 165N force to the rope. 159 
Initial velocity u = 0 ; acceleration а = 1m/s? ; $Е БМ. 15а 


<. s =ut+ ^at? 
5-0«(1210 >tť=5x2  —t- 10 sec. 
Time required is Ло sec. 


Suppose the monkey accelerates upward with acceleration 'a' & the block, accelerate downward with 
acceleration a4. Let Force exerted by monkey is equal to 'T' 


From the free body diagram of monkey 1 
-.T-mg-ma-0 ...(i) 

=Т= тд + та. fe 
Again, from the FBD of the block, mg mg 


mai 
Т = та; – mg = 0. ma 


= тд + ma + ma; — mg = 0 [From (i)] > ma = —ma; > a = a4. 
Acceleration а’ downward i.e. ‘a’ upward. 
-. The block & the monkey move in the same direction with equal acceleration. 


If initially they are rest (no force is exertied by monkey) no motion of monkey of block occurs as they 
have same weight (same mass). Their separation will not change as time passes. 


Suppose A move upward with acceleration a, such that in the tail of A maximum tension 30N produced. 


Р T T; = 30N 
A а] af 
B 5g 2g 
Т; = 30N 
5a 2a 
Fig-2 Fig-3 

T-5g-30-5a=0 440) 30-24-2а-0 ...(ii) 
=> Т = 50 + 30 +(5 x 5) = 105 № (max) > 30 - 20 - 2a = 0 > a = 5 m/s? 


So, A can apply a maximum force of 105 N in the rope to carry the monkey B with it. 
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39. 


40. 


41. 


For minimum force there is no acceleration of monkey ‘A’ and B. > a=0 

Now equation (ii) is Т', — 2g = 0 = T’; = 20 М (wt. of monkey B) 

Equation (i) is T – 5g — 20 = 0 [As Т"; = 20 М] 

=> Т = 59 + 20 = 50 + 20 = 70 М. 

г. The monkey А should apply force between 70 М and 105 М to carry the monkey B with it. 
(i) Given, Mass of man = 60 kg. 


Let В’ = apparent weight of man in this case. T T 

Now, К’ + T — 60g = 0 [From ЕВО of man] 

—Tz260g-R' 440) m. | 
T-R'-30g-70  ..(ii) [ From ЕВО of box] 60g | 

= 60g - R' - R' – 30g = 0 [ From (i)] R' 30g 


= К' = 15g The weight shown by the machine is 15kg. 
(ii) To get his correct weight suppose the applied force is ‘T’ and so, acclerates upward with ‘а’. 
In this case, given that correct weight = R = 60g, where g = acc" due to gravity 


rt Ti T 


af E 


60g 309 
60a 30a 
From the FBD of the man From the FBD of the box 
T + R – 609 — 60a = 0 T' -R – 309 - 30a = 0 
>T' - 60а = 0 [..R = 60g] —T!- 60g – 309 — 30a = 0 
>T' = 60а ...(i) = Т! – 30a = 90g = 900 
= Т! = 30a – 900 ...(ii) 


From eqn (i) апа eqn (ii) we get T! = 2T' – 1800 = T' = 1800N. 
2. So, he should exert 1800 М force on the rope to get correct reading. 
The driving force on the block which n the body to move sown the plane is F = mg sin 0, 
So, acceleration 7 g sin 0 
Initial velocity of block и = 0. 
$ =  а= дзт Ө 
Now, $ = ut + У at 








3ps03d(gsns)t s gie srs 24 
g sin 0 g sin 0 
Time taken is 24 
gsin 





Suppose pendulum makes 0 angle with the vertical. Let, m = mass of the pendulum. 
From the free body diagram 





a— 1 9 
a qe 
mg 
T cos 8—mg =0 ma - T sin Ө =0 
= T cos 0 = mg = та =Тэт Ө 
mg . ma к 
= 441 L—t-—— 441 
cos 0 0) ѕіп Ө 0) 
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42. 


From (i) & (ii) 





mg m8 5t0n0-22 = ө= tan 2 iS e 
cos0  sinO g g 


The angle is Tan (а/д) with vertical. 
(ii) m > mass of block. mgv 
Suppose the angle of incline is ‘6’ 

From the diagram 

sind a 


cos0 9 





ma cos Ө — mg sin Ө = 0 = ma cos Ө = mg sin Ө = 





=> {ап Ө = a/g > Ө = {ап (a/g). 

Because, the elevator is moving downward with an acceleration 12 m/s? (>g), the bodygets separated. 
So, body moves with acceleration g = 10 m/s? [freely falling body] and the elevator move with 
acceleration 12 m/s? 


Now, the block has acceleration = g = 10 m/s? 
u=0 12 d 10 шин 
{= 0.2 sec 


So, the distance travelled by the block is given by. 
^ $7ut* ^at 

=0+ (4) 10 (0.2)? = 5x 0.04 = 0.2 m = 20 ст. 
The displacement of body is 20 cm during first 0.2 sec. 


xK kK k k 
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Let m = mass of the block 


R 
From the freebody diagram, 
R-mg=0>R=mg (1) edly а——> 
Again ma u R = 0 > ma = u R = р mg (from (1)) — та uR 


>a=ug>4=ug>u=4/g=4/10=04 

The co-efficient of kinetic friction between the block and the plane is 0.4 
Due to friction the body will decelerate 

Let the deceleration be ‘a’ 


а--» 
R 
R-—-mg=0>R=mg ...(1) velocity a ——> 
та -pu К =0 = та= рК = umg (from (1)) 
>a = ug = 0.1 x 10 = 1m/s? m ma uR 


Initial velocity u = 10 m/s 
Final velocity v = 0 m/s 
a=—1m/s* (deceleration) 
v?-u? 0-10? _ 100 
C NEN DEC 
It will travel 50m before coming to rest. 
Body is kept on the horizontal table. 


If no force is applied, no frictional force will be there n | 

f > frictional force 5 : | 
F — Applied force 

From grap it can be seen that when applied force is zero, R 


frictional force is zero. o pu 
From the free body diagram, 

R- mg cos 0 =0 > R=mgcos0 ..(1) 

For the block 

U=0, s = 8m, t = 2sec. 30° 

х= ut + ^a > 8 = 0 + 1⁄2 a 2? > а=4т/з? 

Again, uR + ma – mg sin Ө = 0 


> u mg cos 0 + ma - mg sin 0 = 0 [from (1)] R 
=>m(ug cos Ө + a- g sin Ө) = 0 й 
= рх 10 х cos 30° = g sin 30° —a 
= рх 10 х (3/3) = 10 х (1/2) - 4 та “Уб 

Y 


= (5/43)u 21 = p = 1/(5/43) = 0.11 Эй 
-. Co-efficient of kinetic friction between the two is 0.11. 
From the free body diagram 

4 —4a – uR + 4g sin 30° = 0 ...(1) 30° 
К – 49 cos 30° = 0 ...(2) 

=> К = 4g cos 30° R 
Putting the values of R is & in equn. (1) 

4 — 4a — 0.11 x 4g cos 30° + 4g sin 30° = 0 

=>4-4a -0.11 x 4x 10 x (43/2) * 4x 10 x (1/2) 20 "d 
=> 4- 4a - 3.81 + 20 = 0 > a z 5 m/s? 
For the block u =0, t = 2sec, a = 5m/s? mg 
Distance s = ut + аё = s = 0 + (1/2) 5 х 2? = 10m 

The block will move 10m. 


S= = 50m 
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To make the block move up the incline, the force should be equal and opposite to 
the net force acting down the incline = u R + 2 g sin 30° 


-0.2x(9.8)4/3 + 219.8 x (1/2) [from (1)] 


= 3.39 * 9.8 = 13N 

With this minimum force the body move up the incline with a constant velocity as net А 
force on it is zero. mg 

b) Net force acting down the incline is given by, (body moving down) 


F = 2 g sin 30° — uR 


= 2 x 9.8 x (1/2) – 3.39 = 6.41N 

Due to F = 6.41N the body will move down the incline with acceleration. 
No external force is required. 

.. Force required is zero. 


From the free body diagram 
g = 10m/s?, т = 2kg, 0 = 30°, и=0.2 
В — тд cos 0 -F эм 0 =0 
> К= тд с0$ 0 +Езт Ө ..(1) 
And mg sin 0 + R -F cos Ө = 0 
> mg sin Ө + u(mg cos Ө + F sin 0) — F cos 0 = 0 
> mg sin Ө + р mg cos 0 + u F sin 0 Е cos 0 =0 
(mgsin6 – ито cos 0) 

(иѕіпӨ —cos0) 
2х10х(1/2)-0.2х2х10х(43/2) _ 13.464 

0.2x(1/2) - (4312) 0.76 


ЭС 
m — mass of child 
R- mg cos 45° = 0 
=> К = mg cos 45° = mg №2 44(1) 
Net force acting on the boy due to which it slides down is mg sin 45° - uR 
= mg sin 45? - и mg cos 45° 


(body ovid us) 





= Е = 


= Е = = 17.7М = 17.5N 





= тх 10 (1/2 )-0.6 x mx 10 x (1/42) 
= m[(5/42) - 0.6 x (8/42 )] 
-m(242) 


acceleration = 





Force _ т(2-/2) = 2/2 пуз? 
mass m 
Suppose, the body is accelerating down with acceleration 'a'. 
From the free body diagram 
К – тд cos 9 = 0 
= К = mg cos 0 44(1) 
тачтд500-н8К-0 
та(вїп9-инс080) _ g (sin Ө — ц cos 0) 
m 
For the first half mt. u = 0, $=0.5т, { = 0.5 sec. 
So, v = + at = 0 + (0.54 = 2 m/s 
S = ut + ^at = 0.5 = 0 + Фа (0/5)? > а = 4т/52 ...(2) 
For the next half metre 
u` = 2m/s, a = 4m/s?, s= 0.5. 
= 0.5 = 2t + (1/2) 4 Ê > 2 Ê + 2 t- 0.5 =0 


>а = 
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10. 


11. 


12. 


>4+4t-1=0 


_ -4+ү16+16 _ 1.656 


SE = 0.207sec 
2x4 8 


Time taken to cover next half meter is 0.21sec. 
f > applied force 

F; contact force 

F 2 frictional force 

R — normal reaction F : 
u = tan à = F/R И 


When F = uR, F is the limiting friction (max friction). When applied force increase, force of friction 
increase upto limiting friction (uR) 
Before reaching limiting friction 





Fi 














Limiting 
F« uR Friction 
„апл = га {ап < pu à< tan” u 

R R 
From the free body diagram 
T+0.5a-—0.5g=0 (1) 
uR+1a+T,-T=0 ...(2) 
uR + 1Ла-Т. =0 
0.59 

uR + 1a = Т, ...(3) Ї 0.50 
From (2) (3) = uR* a- T-T; 
ETT) R R 
>Т=2Т, 

i Ti 1a uR T 
Equation (2) becomes uR +а+Т.-2Т.=0 TS ын Т = 
>uRta-T,=0 " 

—2T,-uR*a-02g*a ...(4) A" 1g 1g 
Equation (1) becomes 2T; + 0/5a – 0.59 = 0 
=> T, = 099-058 - (50. 0254 445) 
From (4) 8 (5) 0.29 + a = 0.259 – 0.25а 
= a = 0:05 x 10 = 0.04 1 10 = 0.4т/5° 

1.25 
a) Ассіп of 1kg blocks each is 0.4m/s? 
b) Tension T, = 0.2g + a + 0.4 = 2.4N 
c) Т = 0.59 - 0.5а = 0.5 x 10—0.5 x 0.4 = 4.8N s m/s? 
From the free body diagram 
u,R+1-16=0 
= ш (2g) + (-15) = 0 
=> ш = 15/20 = 0.75 
u2 R1 + 4 x 0.5 + 16 - 4g sin 30° = 0 

R 

= (2043 )+2+16 —20=0 i: 
Stee oo i. cus 906 ОЗ 16N 4x0.5 

2043 17.32 uR: 

16N=T 


..Co-efficient of friction u4 = 0.75 & u2 = 0.06 
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13. 


14. 


15. 





T T 
A 
15g 59 Ба |59 
15а r-5g 
From the free body diagram 
Т + 15а – 159 =0 T - (T4 + 5а+ pR)= 0 Т, -59-5а=0 
=Т= 159- 15а ..(i) => T- (59 + ба + 5а + uR) = 0 =>Т.=59 + 5a ...(iii) 


=Т= 59 + 10а + В ...(ii) 
From (i) & (ii) 15g — 15a = 5g + 10а + 0.2 (5g) 
= 25а = 90 > а = 3.6m/s? 
Equation (ii) > Т= 5 х 10 + 10 x 3.6 + 0.2 х 5 х 10 
— 96N іп the left string 
Equation (iii) Тү = 5g + 5a = 5x 10 + 5 х 3.6 =68М in the right string. 





s-5m, p=4/3, g = 10m/s? 
и = 36km/h = 10m/s, у= 0, 

2 2 2 
ao ЧЧ -= poo = -10m/s? 


2s 2x5 
From the freebody diagrams, 
R- mg cos 0 = 0 ; g = 10m/s? 
= К = то cos Ө....(ї) ; и = 4/3. 
Again, та + mg sin O- uL R- 0 
= ma + mg sin 0 – u mg cos 0 = 0 
—at*gsin 0 — тд cos 0 =0 
= 10 + 10 sin Ө (4/3) x 10 cos 0 =0 
=> 30 + 30 sin 0 — 40 cos 0 =0 
> 3+3 эт 0 -—4 с0о$ 0 =0 
—4cos0-3sin0-3 


= 441- sin? 0 = 3 + 3sin Ө 
= 16 (1 — ѕіп20) = 9 + 9 ѕіп20 + 18 sin Ө 


-18 +418? -4(25)(-7) _ -18+32 _ 14 
5 


= 0.28 [Taking +уе sign оп! 
2x25 50 0 такте “ve sigu ony] 


= 0 = sin ' (0.28) = 16° 
Maximum incline is 0 = 16° 


sin 0 = 





to reach in minimum time, he has to move with maximum possible acceleration. 


Let, the maximum acceleration is 'a' 
‚г. ma- uR = 0 = ма = р mg 

>a = ug = 0.9 х 10 = 9m/s? 

a) Initial velocity u = 0,1=? 

а = 9m/s?, s = 50m 


s=ut+ аё > 50 = 0 + (1/2)9 Ê >t= 0. 19 вс 


b) After overing 50m, velocity of the athelete is 
V=utat=0+9 х (10/3) = 30m/s 
He has to stop іп minimum time. So deceleration ia —а = -9m/s? (max) 


Ө 5 the max. 
angle 
velocity Л 
a 
9 
R 
uR 
ma 
mg 
R 
—»a 
ma uR 
mg 
R 
аж- 
uR ma 
mg 
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16. 


17. 


18. 


В = та 

та = иВ(тах frictional force) 

= a = ug = 9m/s?(Deceleration) 
u' = 30m/s, v'=0 

_ у1!-и! _ 0-30 _ -30 — 10 
t- - - - sec. 

a -a -a 3 

Hardest brake means maximum force of friction is developed between car's type & road. 
Мах frictional force = uR 
From the free body diagram 
R — mg cos 0 =0 
= К= тд соѕ50 ...(1) 
апа uR + ma – mg sin ) = 0 ...(ii) 
= umg cos Ө + ma – mg sin 0 =0 
> рд cos Ө + a — 10 х (1/2) = 0 ma 
=а= 5 – {1 – (2/3 )} x 10 (43/2) = 2.5 m/s? mg 
When, hardest brake is applied the car move with acceleration 2.5m/s? 
$ = 12.8m, и = 6m/s 
SO, velocity а the end of incline 
V= Ju? +2as = 6? +2(2.5)(12.8) = /36+64 = 10m/s = 36km/h 
Hence how hard the driver applies the brakes, that car reaches the bottom with least velocity 36km/h. 
Let, , a maximum acceleration produced in car. 
-. ma = uR [For more acceleration, the tyres will slip] — 
>ma=umg>a=nug=1 x 10 = 10m/s? 


For crossing the bridge in minimum time, it has to travel with maximum uR 
acceleration t- 


u=0, s = 500m, a = 10m/s? 
s = ut + аё 
= 500 = 0 + (1/2) 10 ё > t = 10 sec. 


If acceleration is less than 10m/s?, time will be more than 10sec. So one can't drive through the bridge 
in less than 10sec. 


From the free body diagram 

a 
В = 49 соз 30° =4х10 x43/2 = 204/3  ..(i) 38 

9 
uz В + 4a — P — 4g sin 30° = 0 > 0.3 (40) cos 30° + 4a — P — 40 sin 20° = 0 ...(ii) 4kg 
Р+2а + u В, – 209 эт 30° =0 ...(iii) 
В. = 29 cos 30° =2 x 10 x 43/2 = 10/3 ...(№) 
Equn. (i) 6/3 «44-Р-20-0 

R 2a ps 

Едип (iv) + 2a+ 2/3 — 10 = 0 ка P ш Ri 
From Едип (ii) & (iv) 643 + 6a—30 + 2/3 =0 
= ба = 30-8 /3 =30- 13.85 = 16.15 


а= s2 = 2.69 = 2.7m/s? 4g 








D fv 





30° 


b) can be solved. In this case, the 4 kg block will travel with more acceleration because, coefficient of 
friction is less than that of 2kg. So, they will move separately. Drawing the free body diagram of 2kg 
mass only, it can be found that, a = 2.4mls?. 
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19. 


20. 


21. 


From the free body diagram 


a uRı В. ru m 
Жм Ё х 
Q a His 
97 
T T 
В, = М, g cos Ө (1 
d 19 (i) Мр M;g 

R2= М g cos 0 ...(ii) 
T+ Migsin0-m;a-uRı=0 ...(iii) 


Т-М,.-М,ажиБ,.-0 (iv) 

Equn (iii) = T + Migsin — M; a — u Mig cos 0 = 0 

Equn (iv) 2 T - М g sin Ө + M2 a + р Mog cos 0 =0 ...(v) 
Equn (iv) & (v) = g sin Ө (М; + M2) - а(м; + M2) – ug cos Ө (М; + М>) = 0 
= a (Mi + Mj) = g sin 0 (M; + М) в g cos 0 (M, + М») 

= a = g(sin Ө — и cos 0) 

2. The blocks (system has acceleration g(sin Ө — u cos Ө) 
The force exerted by the rod on one of the blocks is tension. 
Tension T = – М.о sin 0 + М.а + u Mig sin Ө 

=> Т=- М:9 sin Ө + М.(о sin Ө — ро cos 0) + u Mig cos Ө 
—T20 

Let 'p' be the force applied to at an angle 0 

From the free body diagram 

R*Psin0—-mg-70 

—R-z-Psin Ө + mg 440) 

НА-рсо50 ...(ii) 

Equn. (i) is (mg — P sin Ө) — P cos 0 =0 

umg 


> има = p sin 0— P cos 02 p = ——— ——— 
pu sino + cos Ө 





Applied force P should be minimum, when p sin Ө + cos 0 is maximum. 
Again, u sin Ө + cos 0 is maximum when its derivative is zero. 

-.d/d0 (u sin Ө + cos Ө) = 0 

=> u cos 0 - sin 0 = 0 > Ө = їап "п 

umg/cos0 _ gumgsecO 2 ито secO 


So, Р = — #9 = 
usinü--cos0 — usinÓ 0050 (1-шал0 — 1+1ап?0 
cos0 с0$0 











_ umg _ mg mg 


200 
sec 0 (1+ tan? 0 Jag 








umg 1 


Minimum force is atan angle Ө =tan y. 





1+ в 


Let, the max force exerted by the man is T. 
From the free body diagram 


R 
R*T-Mg-0 x Ri 
=>R=Mg-T 440) mR: T 
В. -К- тд =0 

| а 

mg 


>Rı=R+mg (i) 
AndT-uR,=0 
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22. 


23. 





—T-p(R*mg)720 [From equn. (ii)] 
= Т-рК-рто = 0 
= Т-р (М9 + Т) - итд = 0 [from (i)] 
=> T (1 + u) = uMg + р mg 
-ут- ММ+т)9 
1+ в 
Maximum force exerted by man is ща 
1+ в 
E га, га, 
0.28. ed 4a * 
A 2a 2x 
4g 
2g 2g 
R,-2g=0 
> К =2х 10 = 20 4a,-—uR,=0 
2а+0.2 В; – 12= 0 => 4a, = р R4 = 0.2 (20) 
— 2а + 0.2(20) = 12 > 4а; = 4 
= 2а= 12-4=8 = а; = 1m/s? 


= а = 4т/52 
2kg block has acceleration 4т/5? & that of 4 kg is 1m/s? 


К, а Ri 
— 
ив: 4a " 
+ 
24 12 HR, 
2 4g 
9 20 





(ii) R4 = 2g = 20 4a +0.2x 2x 10— 1220 
Ма- цК; =0 = 4а+4= 12 

= 2a = 0.2 (20) = 4 > 4a=8 

= а = 2т/з? = а= 2 m/s’ 


10N 
2g 3 
ш = 0.2 A[2 kg [—10N 15N 3 
ш= 0.3 B HRi=4N 10N 
ш=05 CL 7kg | 
[nc uen pce] 
R4 R2=5g 


a) When the 10N force applied on 2kg block, it experiences maximum frictional force 

uR4 = u x 2kg = (0.2) x 20 = AN from the 3kg block. 

So, the 2kg block experiences a net force of 10 — 4 = 6N 

So, а; = 6/2 = 3 m/s? 

But for the 3kg block, (fig-3) the frictional force from 2kg block (4N) becomes the driving force and the 
maximum frictional force between 3kg and 7 kg block is 

u2R2 = (0.3) x 5kg = 15N 

So, the 3kg block cannot move relative to the 7kg block. The 3kg block and 7kg block both will have 
same acceleration (a; = a3) which will be due to the 4N force because there is no friction from the floor. 


лаз = аз = 4/10 = 0.4m/s? 
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24. 


25. 


А[2 kg |—10N 
в [зю | 
С| 7kg | 





В=59 
b) When the 10N force is applied to the 3kg block, it can experience maximum frictional force of 15 + 4 
= 19N from the 2kg block & 7kg block. 


So, it can not move with respect to them. 

As the floor is frictionless, all the three bodies will move together 

г 847827 аз = 10/12 = (5/6)m/s? 

с) Similarly, it can be proved that when the 10N force is applied to the 7kg block, all the three blocks will 
move together. 

Again a, = a; = аз = (5/6)m/s? 





Both upper block & lower block will have acceleration 2m/s? R 
Ri 
ЕЛ uRi T 
mg 
m Ri 
R,-mg  ..(i) T-pR,=0 
F—-upR,-T=0>F-umg-T=0 ...(ii) > T= umg 
- F=umg+pmg=2pmg a 
b)2F-T-umg-ma=0 ...(i) T-Ma-umg=0 [:. R4 = mg] 
=Т= Ма + р тд 
Putting value of T in (i) 
2f - Ma- итд — р mg — та = 0 
=> 2(2umg)- 2 umg =а(М + т) [Putting F = 2 umg] 
=> 4р тд - 2 итд = а (М + m) а= 2879 
М+т 
Both blocks move with this acceleration ‘а’ in opposite direction. 
R4 R2 
Р i 
E T wR, нА. T 
i mrd 
[MN 
mg mg T=mR 
R4 -m (mg-ma) 
ma ma 


К; + ma – mg =0 

=> В. = т(9-а) = тд — та ...(i) 

Т- рК. =0 =Т= т (тд – та)  ..(i) 
Again, F - T — u R4 =0 
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26. 


2T. 


28. 


= F - {u(mg —та)} — u(mg — ma) = 0 
> Е -и тд + н та - н пд + рта = 0 
> Е =2 u mg - 2р ma = F = 2u m(g-a) 
b) Acceleration of the block be a, 

а, +— 


Ri та 
а 
р si 
2F T wR: ma, ma: (ЫК T 
mg 
m В, 
та 
В, = тд — та 440) Т-А. = Ма, =0 
2Е — T — uR; — та, =0 =Т= рК, + Ма, 
=> 2Е —{- umg + ya- та. =0 ..(ii) >T = u (mg — та) + Ma, 


=Т= рто- рта + Ма; 
Subtracting values of F & T, we get 
2(2um(g — а)) - 2(umg — uma + Mai) - итд + yu ma — ра: = 0 
> 4р mg — 4 и та -— 2 u mg + 2u та = та. + Ма; ig sume) 
M+m 
Both blocks move with this acceleration but in opposite directions. 
К, + QE —mg =0 
К, = то – ОЕ 440) 
Е-Т- нЕ. =0 
>Е-Т nu(mg- ОЕ) =0 
—F-T-umg-*uQE-0 ...(2) 
T-uR4720 К; 
=Т= рК = р (mg - ОЕ) = u mg - НОЕ В, 
Now equation (ii) is Е – mg + р ОЕ – и mg + р ОЕ = 0 c" T HR: 
>F-2umg+2u ОЕ =0 
=> Е = 2umg – 2р QE 
=> F= 2u(mg - QE) 


F=QE 
R2 
T 
mg 
К, 
R 
Maximum horizontal force that can be applied is 2u(mg — QE). 
Because the block slips on the table, maximum frictional force acts on it. Н 3 
m 





QE 


From the free body diagram 

В » mg 

. F-nwR=0>5>F=pR=umg 

But the table is at rest. So, frictional force at the legs of the table is not р R4. Let be mg uR 
f, so form the free body diagram. 

fo- un Rz 02 f; = НК = р mg. 

Total frictional force on table by floor is u mg. P 
Let the acceleration of block M is ‘a’ towards right. So, the block ‘m’ must go down with an acceleration ‘2a’. 


Ti 
ив 
mg 
(FBD-1 





R, „та 
) 


As the block ‘m’ is in contact with the block ‘М’, it will also have acceleration ‘а’ towards right. So, it will 
experience two inertia forces as shown in the free body diagram-1. 


From free body diagram -1 
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29. 


30. 


31. 


В, — та = 0 = В, = та 440) 
Again, 2ma + T — mg + juR4 = 0 
=> T = mg – (2 — ш)та ...(ii) 


From free body diagram-2 
T+ 14 R4 + mg — В =0 


> R2 =Т + u та + Mg [Putting the value of К. from (i)] 
= (mg — 2ma – ш та) + ш ma + Mg [Putting the value of T from (ii)] 
-. R2 = Mg + mg - 2ma ...(iii) 


Again, form the free body diagram -2 
T*T-R-Ma-j;R;-7 0 
=> 2T - MA - mA - p» (Mg + mg - 2та) = 0 [Putting the values of R4 and В. from (i) and (iii)] 
> 2T = (M + m) + и2(Ма + mg - 2та) ...(iv) 
From equation (ii) and (iv) 
2T =2 mg – 2(2 + ш)то = (М + m)a + u2(Mg + mg — 2ma) 
=> 2mg - (М + m)g =a (M + m - 2uom + 4m + 214m) 
[2m - u;(M + m)]g 
М+ т[5 + 20 – u2)] 
Net force = *(202 + (15)2 — (0.5) х 40 = 25 — 20 = 5N 
-. tan 0 = 20/15 = 4/3 = р = tan (4/3) = 53° 
So, the block will move at an angle 53 ° with ап 15N force 
a) Mass of man = 50kg. g = 10 m/s? 
Frictional force developed between hands, legs & back side with the wall the wt of 
man. So he remains in equilibrium. R 
He gives equal force on both the walls so gets equal reaction R from both the walls. If 
he applies unequal forces R should be different he can't rest between the walls. 
Frictional force 2uR balance his wt. 
From the free body diagram 





KÈ 


40x10 


ШК + uR=40g >2uR=40x10 >R= - 250N 
2x0.8 





b) The normal force is 250 N. 
Let a, and a; be the accelerations of ma and M respectively. velocity а. 
Here, а; > a» so that т moves оп M [I 
Suppose, after time ‘t m separate from M. 
In this time, m covers vt + % a^ and Sy = vt + % a; 2 =< ==: 
Рог ‘m’ to m to ‘т’ separate from M. vt + 72 a, Ê = vt + tap 2+; ...(1) 
Again from free body diagram R 
Ma, + 2 В =0 
= ma, = - (u/2) mg = — (u2)m x 10 = а!= -5u Emg — in 
Again, uM+mg 
Maz + u (M + m)g — (u/2)mg = 0 
= 2Maz + 2u (М + m)g- итд = 0 (M+m)g 
=> 2 Ма. = u mg – 2uMg - 2 umg 
-umg – 2, М9 

2М 
Putting values of a, & a? in equation (1) we can find that 


nid | 4ml | 
(M+m)ug 


=> аз 


te te he E 
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Distance between Earth & Moon 
r= 3.85 x 10? km = 3.85 x 109m 
T = 27.3 days = 24 x 3600 x (27.3) sec = 2.36 х 10? sec 
21 _ 2x3.14x3.85 x10? 








м = 5 = 1025.42m/sec 
T 2.36 x10 
2 2 

mask 002542) 0.00273m/sec? = 2.73 х 10 ?^m/sec? 
r 3.85 x10? 


Diameter of earth = 12800km 

Radius R = 6400km = 64 x 10° m 

248 _ 2x3.14 x 64 x 10? 
T 24х3600 


me V^ _ (46.5185)? 
R 64 x 10? 
V = 2% г = 1ст 


a) Radial acceleration at { = 1 sec. 





М = m/sec = 465.185 


- 0.0338m/sec? 





2 2 
COLUMNS ы = 4cm/sec? 
r 1 
b) Tangential acceleration at t = 1sec. 
ao W 9 (25 = 2ст/ѕес? 
dt dt 


c) Magnitude of acceleration at t = 1sec 


a- V4? PA E 420 cm/sec? 
Given that m = 150kg, 
v= 36km/hr = 10m/sec, г= 30m 


ту? _ 150х(10)? _ 150x100 








Horizontal force needed is - = 500N 
r 30 30 
in the diagram 
В cos Ө = mg 40) 
2 
Rsino- PV (i 
r 
Dividing equation (i) with equation (ii) 
2 2 
Tan Ө = Te = М2, 
rmg rg 
у = 36km/hr = 10m/sec, r = 30m 
2 
Tage uc 190 eoa 
rg 30x10 


= 0 = tan (1/3) 
Radius of Park = г = 10m 
speed of vehicle = 18km/hr = 5 m/sec 


2 
Angle of banking tano = = 
rg 


v? 25 
= 0 ={ап^' та = tan" 100 = tan (1/4) 


R 
b mv?/R 


mg 
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10. 


11. 


12. 


The road is horizontal (no banking) 


2 R 

Te = uN 
R mv^/R 
and М = mg 
2 

So T = u mg у = 5m/sec, В = 10т 

25 25 is 

— = =—— 2025 
> Jo АЕТ; 


Angle of banking = 0 = 30° 
Radius = r = 50m 


2 2 
tano = ~~ = ап 30° = У 
rg 











у= 500. = 17m/sec. 


43 

Electron revolves around the proton in a circle having proton at the centre. 
Centripetal force is provided by coulomb attraction. 
r2 53 >t 10 "m т = mass of electron = 9.1 х 1073ка. 
charge of electron = 1.6 x 10`'3с. 
ту? КФ gg. Kd _ 9х10° х1.6х1.6х10 38 _ 23.04 

г г? m — 53x10'x9.1x10 7?! 48.23 
= у? = 0.477 х 10'®= 47 x 10° 


=v = 4427x107? = 22 x 10° m/sec 
At the highest point of a vertical circle 
2 

— = m 

R 9 
= у= Ва = у= JRg 
А celling fan has a diameter = 120cm. 
-. Radius = г = 60cm = 0/6m 
Mass of particle on the outer end of a blade is 1g. 
n = 1500 rev/min = 25 rev/sec 
072nn-22mx25-157.14 
Force of the particle on the blade = Mro’ = (0.001) x 0.6 x (157.14) = 14.8N 
The fan runs at a full speed in circular path. This exerts the force on the particle (inertia). The particle 
also exerts a force of 14.8N on the blade along its surface. 


x 101? 





A mosquito is sitting on an L.P. record disc & rotating on a turn table at 33- rpm. 








1 100 
п = 33— rpm = rps 
3 OD © 
ло = 2 пп= 2л х 100 = 10r веб 
180 9 


г = 10ст =0.1т, 9 = 10m/sec? 


2 
Р өл 12 
ro 9 


2 
mg = mr =» ц = > 
Шоба ӨГ т; 
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13. 


14. 


15. 


16. 


17. 


A pendulum is suspended from the ceiling of a car taking a turn 


r=10m, у= Збкт/һг = 10 m/sec, g= 10m/sec? 
2 
From the figure T sin Ө = T 40) 
T cos 0 = mg ..(ii) 





2 2 2 
_ Sind = ТҮ фапе= У ө = ап | У 
9 rg ы 


100 
={ап ' 10х10 = ‘ап (1) > 0 = 45° 


At the lowest pt. 
2 








T=mgt my 
r 

Here m = 100g = 1/10 kg, г 1, у = 1.4 m/sec 
2 2 

T2mg* we ogg ША) = 0.98 + 0.196 = 1.176 = 1.2 М 
r 10 10 


Bob has a velocity 1.4m/sec, when the string makes an angle of 0.2 radian. 


m = 100g = 0.1kg, r- 1m, v = 1.4m/sec. 
From the diagram, 


2 
Т то cos 0 = PY. 
R 


2 
mv 
=Т= 





+ mg cos Ө 


2 2 
эт» SRO цолхов1-2 


_ (.2)? "E 
—T20.196 + 9.8 x с у= (ә. cos 0 = Tera or small 0) 


= T = 0.196 + (0.98) x (0.98) = 0.196 + 0.964 = 1.156N = 1.16 N 


At the extreme position, velocity of the pendulum is zero. 

So there is no centrifugal force. 

So T = mg cos 0, 

а) Net force on the spring balance. 

R2mg- mor 

So, fraction less than the true weight (3mg) is 

mg-(mg-mo?r _ о? ( 2x Y 6400x10? 
mg equos PE 10 

b) When the balance reading is half the true weight, 


mg — (mg -mo?r) = 1/2 
mg 


өйг= 02 == |9 -) ud z rad/sec 
2r 2x6400 x10 


-. Duration of the day is 














_ 2 — 2х 6400 x10? _ 64x10°  _ 2тх8000 
T = — = 2^х.|- — —— sec = 2n x4|————— sec = — 
© 9.8 49 7х3600 


=3.5x 10° 





Ї 


mv? Jr 
T 
mg sin 0 
mg cos 0 


| ч 
mg sin 0 


mg cos 


252 aes 
mo?/R 


hr = 2hr 
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18. 


19. 


20. 


Given, v = 36km/hr = 10m/s, r- 20m, u = 0.4 
The road is к with an angle, 


es 4f 100 P 
Ө=їап | rg } = tan -tan (2) ortan 0 = 0.5 
20x10 


mv? /r 








When the car travels at max. speed so that it slips upward, wR, 








acts downward as shown in Fig.1 HR: 
mv4? 
Зо, К, — mg cos Ө – =i 0-0 40) ив, 
2 
Апа wR, + то sin 0- "1 сов0-0 (ii) ппу /r 
Solving the equation we get, ON в, 
м: = frg ап9 = (2010501 = 4.082 m/s = 14.7 km/hr o 9 
1-шїапд 12 


So, the possible speeds are between 14.7 km/hr and 54km/hr. 
R - radius of the bridge 

L = total length of the over bridge 

a) At the highest pt. 


mv? 2 
mg = R >v = Rg = у= Rg 


1 
b) Given, у= --- 8 
) B g 


2 
suppose it loses contact at B. So, at B, mg cos 0 5 ~~ 


= №? = Rg,cos 0 





Rv Rg 
эү? id аср = Rg cos 0 = cos 0 = 1/2 > 0 = 60° = 2/3 


aR 


Ө= 2 50=10= 
r 3 


So, it will lose contact at distance х from highest point 


C) Let the uniform speed on the bridge be v. 


"IR 
The chances of losing contact is maximum at the end of the bridge for which a = = ui 
mv? L 
So, —— =mgcosa>v= ,||gRcos| —— a 
R 2R 
Since the motion is nonuniform, the acceleration has both radial & tangential 2а= L/R 
component 


2 


v m 
ar mU LL 
r 
а, = dv = и mg mv?/R 2 
dt mv/R 
2X 
у 
Resultant magnitude = 5 +a? meus 
r 
m № 


2 2 
v? 2 v? 2 22 v4 2 

Now uN = т. || —| +а >umg=m,/|—] +а = рд = | — |+а 
r r 


- м E (g? 2 a’) Па у= (ug? = a’) rd 
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21. 


22. 


23. 


24. 











a) When the ruler makes uniform circular motion in the horizontal mg 
plane, (fig—a) 
u mg = то. i 5 и mg worl 
о = Hg 
ү L | ---- L --| R 
b) When the ruler makes uniformly accelerated circular motion,(fig-b) (Fig=a) 
1/4 2 
242 2 umg moz L 
umg = J(mo; ^L (тоор >o + o? = 2 = 9 = (3 = 
(Fig-b) 
(When viewed from top) 
Radius of the curves = 100m 
Weight = 100kg 
Velocity = 18km/hr = 5m/sec 
2 
a) atB mg- m = М № = (100 х 1@„ 0529 = 1000 – 25 = 975N 
R 100 A» 
2 c^ EN 
Atd, N = mg + 1 = 1000 + 25 = 1025 М AC. E Ба E 
ГЕС 5 
b) AtB & D the cycle has no tendency to slide. So at B & D, frictional force is zero. ч 
в 
At ‘C’, mg sin Ө = F >F = 1000 x 1 =707М P 
42 ^p 
mv? mv? № 
с) (i) Before ‘C’ mg cos 0 -N = R = N= mg cos 0 — R = 707 — 25 = 683N | 





2 2 
(i) N- mg cos = T- = N= mv 4 mg cos 0 = 25 + 707 = 732N 


d) To find out the minimum desired coeff. of friction, we have to consider a point just before C. (where 
N is minimum) 

Now, и М = mg sin Ө = их 682 = 707 

So, u = 1.037 

а= 3m > К = 1.5m 

R = distance from the centre to one of the kids 

М = 20 rev per min = 20/60 = 1/3 rev per sec 

о = 2nr = 21/3 

m = 15kg 





2л)? 
9 
<. Frictional force on one of the kids is 10л2 


If the bowl rotates at maximum angular speed, the block tends to slip upwards. So, the frictional force 
acts downward. 


Here, r - R sin 0 


~ 





2. Frictional force Е = mro = 15 x (1.5) х = 5 x (0.5) x 4r? = 102” 


From FBD -1 
В. – mg cos 0 — mo;? (В sin Ө) sin 0 = 0 ..(i) [because г = К sin Ө] 
and uR, mg sin Ө — mo? (К sin Ө) cos 02 0 ..(ii) 


Substituting the value of R, from Eq (i) in  Eq(i), it can be found out that 


es g(sin 6 + ucos Ө) 15 
1 Rsin @(cos 6 — рѕіп Ө) 





Again, for minimum speed, the frictional force 
pg R2 acts upward. From FBD-2, it can be proved вв: 
that, 





(FBD - 1) 
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25. 


26. 


2T. 


28. 





E g(sin 8 — исо Ө) rs 
Rsin @(cos 6+ u sin 0) 
-. the range of speed is between о; and одо 
Particle is projected with speed 'u' at an angle 0. At the highest pt. the vertical component of velocity is 
Чу 
So, at that point, velocity = и cos 0 
0 


centripetal force = m и? cos? r 


At highest pt. 


mv? u? cos? 0 
Hm So eS 
r 





Let 'u' the velocity at the pt where it makes an angle 0/2 with horizontal. The 
horizontal component remains unchanged 








So, v cos 0/2 = œ cos 9 > v= нээг (i) 
cos} — 
2 
From figure 16088 
mv? v? 
mg cos (0/2) 5 >r= 
r gcos(0/2) 


putting the value of 'v' from equn(i) 

= u? cos? 0 

1 gcos?(0/2) 
A block of mass 'm' moves on a horizontal circle against the wall of a cylindrical room of radius 'R' 
Friction coefficient between wall & the block is u. 


2 
a) Normal reaction by the wall on the block is = T 








2 
b) г. Frictional force by wall = Т- 
umv? uv? m 
с) = та > а = -R (Deceleration) Pneu 
2 
d) Now, dv x y ov __ НУ uds M 
dt ds R u v 
= 8 = Zu InV-*c | 
mv^/R 
Ats = 0, у= vg 
Therefore, с = R In Vo umv?/R 
и 
So, S = х. тай >” швэ8" 
H Vo Vo 


For, one rotation $ = 27R, sov = voe ot 


The cabin rotates with angular velocity o & radius R 

2. The particle experiences a force mRo*. 

The component of mRo? along the groove provides the required force to the particle to move along AB. 

-. mRo? cos 0 = ma > а= Ва? cos 0 

length of groove = L 

L = ut + баё > L = 4 Во? cos 0t 

> Ё = шаваг. РА 4 A 188 
Ко“ cos 8 Ко cos @ 
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29. 


30. 


v = Velocity of car = 36km/hr = 10 m/s 

r = Radius of circular path = 50m 

m = mass of small body = 100g = 0.1kg. 

u = Friction coefficient between plate & body = 0.58 

a) The normal contact force exerted by the plate on the block 


b) The plate is turned so the angle between the normal to the plate & the radius of the road slowly 
increases 
2 


N= coso qi) 
Г 


2 
им= ТУ ging (ii) 
r 


Putting value of N from (i) 
2 2 
u a cos 0 = a sin Ө = и = tan 0 = 0 = tan ' р = tan (0.58) = 30° 


Let the bigger mass accelerates towards right with 'a'. 





From the free body diagrams, m 
Т-та-тоВ-0 ...(i) О -2m 
T + 2ma - 2то?В = 0 ...(ii) R —> 
Eq (i) — Eq (ii) = Зта = то? 

то? В ma T 
>a= ов 
Substituting the value of a in Equation (i), we get T = 4/3 то. 208 qp ond 

* ok ook ok 
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M = m. + Mp = 90kg 

и = 6 km/h = 1.666 m/sec 

у = 12 km/h = 3.333 m/sec 

Increase in К.Е. = 4 Mv? - 4 Ми? 

= 490 x (3.333)? 7 x 90 x (1.66)? = 494.5 — 124.6 = 374.8 = 375 J 
Mp = 2 kg. 

и = 10 m/sec 

а = З т/аес? 

{= 5 sec 

у= и +аї = 10 + 315 = 25 m/sec. 

ЛЕК.Е = % ту? =% х 2 х 625 = 625 J. 

Е = 100 № 

S = 4т, 0 = 0° 

«= FS = 100 x 4 = 400] 

m = 5 kg 

Ө = 30° 

5= 10 т 

Е = те 

So, work done Бу the force of gravity 

œ =mgh =5 x 9.8 x 5 =245J 

F= 2.50N, S = 2.5m, m =15g = 0.015kg. 

F 2 2.5 2 500 
m 0.015 3 
=F x S cos 0° (acting along the same line) 
=2.5x2.5=6.25J 


2 


So,w=FxS>a= m/s 





u=1.66 m/s v=3.33 m/s 


LT 


u=10 m/s 


| 2kg | kg a = 3m/s? 
É——— Hl 


R 
mg 
10 
E | 
YN 


Г“ 


А 


Ё 
n 


mg 


w 


Let the velocity of the body at b = U. Applying work-energy principle % mv? – 0 = 6.25 





у= /829х2 = 28.86 m/sec. 
0.015 


So, time taken to travel from A to B. 
v-u _ 28.86x3 





>t= 
500 
-. Average power = саа КП. 36.1 
t  (28.86)x3 
Given 
5 -2i43j 
ty -3i«2j 


So, displacement vector is given by, 


Геп r-(3i«2j)-(2i-3]-i-j 
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So, work done = Fxs=5x1+5(-1) = 0 " 
my = 2kg, $ = 40m, а = 0.5m/sec? 

So, force applied by the man on the box 
Е = тьа =2х (0.5) =1 М 

о = Е5 = 1х 40 = 40] 

Given that F= a + bx 

Where a and b are constants. 

So, work done by this force during this force during the displacement x = 0 and x = d is given 
by 

W= [Р dx = [а «59x = ах + (bx?/2) = [а+ bd] d 


my = 250g = .250 kg 
Ө = 37°, 5 = 1т. 
Frictional force f = uR 





mgsinO-puR  .(1) 
mg cos 0 ..(2) 
so, work done against uR = HRS cos 0° = mg sin Ө $ = 0.250 х 9.8 х 0.60 x 1 = 1.5] 


а = Rd iven) 
а= Mem) 8 m 

a) from fig (1) - | 
ma = uk В, and А; = mg 


Ri 
ig = Yeux Миш R 
1 2(M+m)g неч 

F mxF 2 


b) Frictional force acting on the smaller block f = uR = xmg- 
2(M + m)g 2(M + m) 


R2 
c) Work done w = fs s=d T 
mF mFd ma f 
w= xd= 
2(M+m) 2(M+m) ИВ 
mg 
R 








Weight = 2000 N, $ = 20m, u = 0.2 
а) В + РѕіпӨ - 2000 =0 ..(1) 


P 
Р cos0 - 0.2 R =0 ..(2) 
From (1) and (2) P cos@ — 0.2 (2000 - P ѕіпӨ)=0 m 
_ 400 
i cos 0 +0.25іпӨ (3) QS 
8000 cos 0 B 8000 2 40000 
с050-0.2500 1+0.25іпы  5-tanO 


b) For minimum magnitude of force from equn(1) 
d/d0 (cos Ө + 0.2 ѕіпӨ) = 0 = tan Ө = 0.2 
putting the value in equn (3) 
_ 40000 _ 40000 
© 5«tanü (5.2) 


. М = 100 №, 0=37°, s=2m 





So, work done by the person, W = PS cos0 = 


= 7690 J 
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13. 


14. 


15. 


16. 


17. 


Force F= mg sin 37° = 100 x 0.60 = 60 № 
So, work done, when the force is parallel to incline. 
w -Fscos0260x2xcos Ө = 120] 


In ДАВС АВ= 2m 
СВ = 37° 
so,h=C=1m 


-. work done when the force in horizontal direction 
W = тей = 100 x 1.2 = 120] 
т = 500 Кв, $ = 25m, и = 72km/h- 20 m/s, 


2 _ 400 


2 
(-а) = ч а= —— = 8m/sec? 





-u 
25 
Frictional force f = ma = 500 x 8 = 4000 N 

m = 500 kg, u=0, у= 72 km/h = 20m/s 
v?-u? 400 _ 


= 2 = 8m/sec 
2s 50 





аз 





E a не f ma 
v=20 m/s — -a 
m=500 kg у=0 


— а 
25m 
500 kg | «27» =й та Е 


force needed to accelerate the саг Е = та = 500 x 8 = 4000 М 


Given, v = a x (uniformly accelerated motion) 
displacement s = d -O = d 

putting x = 0, vı=0 

putting x = d, у= a Jd 


NE 
V -u . ad _ a? 








аз - = 
25 2d 2 
2 
force f = ma = I8. 
2 
2 2 
work done w = FS cos Ө = ads 25 d 
a) m = 2kg, 0237, Е-20М 


From the free body diagram 

Е = (2g sin Ө) + ma = a = (20 - 20 sin0)/s = 4т/зес? 
S=ut+%at? — (u-0,t- 1s, a- 1.66) 

-2m 

So, work, done w = Fs = 20x2 = 40J 


b) If W = 40J 
= ХУ. 40 
Е 20 


h=2sin37°=1.2m 

So, work done W = -mgh = - 20 x 1.2 =-24 J 
с) м=и+аЕ = 4х 10 = 40 m/sec 

So, К.Е. = % ту? = 4x2x16- 16J 


m=2kg, 0-37, Е=20 М, а = 10 m/sec? 


а) { = 1sec 
So, sz ut + № at? = 5m 


mg 





ma 285110 


ma 
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18. 


19. 


20. 


21. 


22. 


23. 


Work done by the applied force w = FS cos 0° = 20x 5 = 100) 
b) ВС (h) = 5 sin 37° = 3m 
So, work done by the weight W = mgh = 2 x 10 x 3-2 60J 


C) So, frictional force f 2 mg sinO 


work done by the frictional forces w = fs со$0° = (mg sin0) s = 20x 0.60x 5 -60) 


Given, т = 250 g = 0.250kg, 
и = 40 cm/sec = 0.4m/sec 


u=0.1, v-0 


Here, u В = ma (where, а = deceleration} 


а= PRL #9 p= 0.1 x 9.8 = 0.98 m/sec? 
m 


m 


v? -и? 





5- = 0.082т = 8.2 cm 
2а 


Again, work done against friction is given by 


-w= u RS cos Ө 


= 0.1 x 2.5 x 0.082 x 1 (0 = 0°) = 0.02 J 


=> W =-0.02J 


h=50m, m=1.8x10°kg/hr, P = 100 watt, 
Р.Е. = mgh = 1.8 x 10° x 9.8 x 50 = 882 x 10? J/hr 

Because, half the potential energy is converted into electricity, 
Electrical energy % Р.Е. = 441 x 10? J/hr 


So, power in watt (J/sec) is given by = 


-. number of 100 W lamps, that can be lit 


т = 6ке, h=2m 
Р.Е. at a height ‘2m’ = mgh = 6x (9.8) x = 117.6 J 


Р.Е. at floor = 0 


Loss т Р.Е. = 117.6 – 0 = 117. 6 Ј = 118] 
h=40m, и=50 m/sec 


Let the speed be 'v' when it strikes the ground. 


Applying law of conservation of energy 


2 2 
mgh + % ти = mv 


= 10 x 40 + (1/2) x 2500 = 4 v? => v? = 3300 = v = 57.4 m/sec «58 m/sec 
t=1min 57.56 sec = 11.56 sec, p= 400 W, 


- T: Work w = pt = 460 x 117.56 J 


Again, W = FS = 


S= 100m, 


460 x 117.56 


t=10.54 sec, m=50kg 


441х105 
3600 


441х105 


= 122.5 =122 


3600 x100 


= 270.3 М = 270 М 


s =200 т 


The motion can be assumed to be uniform because the time taken for acceleration is 


minimum. 
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24. 


25. 


26. 


27. 


28. 


a) Speed v = S/t = 9.487 e/s 

So, К.Е. = 4 mv? = 2250) 

b) Weight = mg = 490 | 

given В = mg /10 = 49] 

so, work done against resistance Wr = — RS = — 49 x 100 =- 4900 J 

с) To maintain her uniform speed, she has to exert 4900 | of energy to over come friction 


Р= “= 4900 / 10.54 = 465 W 
В = 10 т 
flow rate = (m/t) = 30 kg/min = 0.5 kg/sec 
power P - топ = (0.5) х9.8 x 10 249 W 
So, horse power (h.p) P/746 = 49/746 = 6.6 x 10 “hp 
m - 200g - 0.2kg, В = 150ст = 1.5m, v=3m/sec, ї= 1 ѕес 
Total work done = % mv? + mgh = (1/2) x (0.2) x9 + (0.2) x (9.8) x (1.5) = 3.84 J 
h.p. used = 3-84 = 5.14 x 107 
746 
m - 200 kg, s- 12m, { = 1 тіп = 60 sec Е 


So, work W = Е cos 0 = mgs соѕ0° [0 = 0°, for minimum work] 
= 2000 x 10 x 12 = 240000 J 





So, power p = Lue ше 4000 watt 
t 60 jg 
4000 
h.p = —— =5.3 hp. 
P 746 P 


The specification given by the company are 
U=0, т = 95 Кв, Pm = 3.5 hp 
Vm 60 km/h = 50/3 m/sec {и = 5 sec 
So, the maximum acceleration that can be produced is given by, 
аа (50/3)-0 _ 10 
5 3 
So, the driving force is given by 
F=ma=95x 10 = 290 
3 3 


So, the velocity that can be attained by maximum h.p. white supplying = will be 


p 3.5 x 746 x5 
у= Ses гэн 
F 950 


Because, the scooter can reach a maximum of 8.s m/sec while producing a force of 950/3 N, 
the specifications given are some what over claimed. 


= 8.2 m/sec. 


Given m = 30kg, v=40cm/sec=0.4m/sec s=2m F 
From the free body diagram, the force given by the chain is, 
Е = (ma – mg) = m(a - g) [where а = acceleration of the block] 
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29. 


30. 


31. 


32. 


So, work done W = Fs cos 0 = m(a —g) s cos Ө 
=> W = 30 (0.04—9.8) x 2 => М =-585.5 > W = —586 J. 





So, W = —586J 
Given, T = 19 М 
From the freebody diagrams, 
T-2mg+2ma=0 441) 
T-mg-maz0 ...(ii) Ң N 
From, Equation (i) & (ii) T = 4та > a= aes A= 19:25 m/s’. 
4m 4m 33 m 


Now, $ = ut + 4 at? 
>S= tod -»5- 2 m [ because u=0] 
2 m m 
Net mass = 2m - т = m 
Decrease т Р.Е. = mgh >P.E.=mxgx 2 => Р.Е. = 9.8 x 2 —P.E. = 19.6 J 
т 


Given, m, = 3 kg, m; = 2kg, t- during 4" second 
From the freebody diagram 

T-3g+3a=0 (i) 

T-2g-2a=0 (i) 


Equation (1) & (ii), ме get 3g За = 2g + 2а >a = 2 m/sec? 


Distance travelled in 4"! sec is given by 








у 

San = а (2n 1) = 2 (2х4-1)- fg... 1X98 m 3g 2g 
3 s 10 10 

Net mass ‘т’ = mi - т: = 3-2 = 1kg T 3 


So, decrease іп Р.Е. = mgh = 1х 9.8 х 5 х 9.8 = 67.2 = 67] 


mı = 4kg, m; = 1kg, V5 = 0.3m/sec V1 = 2 x (0.3) = 0.6 m/sec 
(м: = 2x2 m this system) 

h = 1m = height descent by 1ке block 

S-2x1-2m distance travelled by 4ке block 





u=0 
Applying change in K.E. = work done (for the system) 
[(1/2)mava’ + (1/2) ту] -0 = (-н8)5 + m;g [R = 4g = 40 N] 


=>%x 4 x (0.36) x % x1 x (0.09) =-их40х2+1х40х1 
=> 0.72 + 0.045 = – 80u + 10 


Sus 228 = 0.12 


Given, т = 100g = 0.1kg, v=5m/sec, r=10cm 

Work done by the block = total energy at A — total energy at B 

(1/2 ту? + mgh) - 0 

=> W=% mv? + тей —0 = х (0.1) x 25 + (0.1) x 10 x (0.2) [h = 2r = 0.2m] 
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33. 


34. 


35. 


36. 


37. 


>W=1.25-0.2 > W = 1.45] 
So, the work done by the tube оп the body is 


W,=-1.45 J 
m = 1400kg, v= 54km/h = 15m/sec, h=10m B 
Work done = (total K.E.) — total P.E. 15m/s h 


10m 


2044 ту? — mgh = 4 x 1400 x (15)? — 1400 x 9.8 x 10 = 157500 — 137200 = 203004 
So, work done against friction, W; = 20300 J 


m = 200g = 0.2kg,s = 10m, h = 3.2m, g = 10 m/sec? 

a) Work done W = mgh = 0.2 x 10x 3.22 6.4 ] 2» 

b) Work done to slide the block up the incline A 3.2m 
Z™ 


w = (mg sin Ө) = (0.2) x 10 x 38 x10- 64) 


F F 
C) Let, the velocity be v when falls on the ground vertically, R 
% mv — 0 = 6.4) > у = 8 m/s 
d) Let V be the velocity when reaches the ground by liding хав me бей 
^4 mV? — 0 = 6.4 J > V = 8m/sec т 
$ 10m, h=8m, mg - 200N 


f -200x > = 60N 
10 
a) Work done by the ladder on the boy is zero when the boy is going up 2013 8m 
because the work is done by the boy himself. 
uR=f 
R 


b) Work done against frictional force, W = uRS = f £ = (-60) x 10 = – 600 J 
c) Work done by the forces inside the boy is 


Wi = (mg sin0) x 10 = 200 x т x 10 = 1600J 





Нэ1т, h=0.5m 

Applying law of conservation of Energy for point A & B 
mgH = 4 mv? + mgh = в = (1/2) v? + 0.5g > v^2(g- 0.59) =g >v = Jg = 3.1 m/s 
After point B the body exhibits projectile motion for which 
0205, v=-0.5 

So, —0.5 = (usin0) t - (1/2) gt? > 0.5 = 4.9 t? > t = 0.31 sec. 

So, x (4 cos 0) t = 3.1х 3.1 = 1m. 

So, the particle will hit the ground at a horizontal distance in from B. 


mg - 10N, ц=0.2, H=1m, u=v=0 
Increase in K.E. 


B 
AA 
A 
—w-mgh:-10x1-10J 1m 
Again, on the horizontal surface the fictional force М 


Е = рК = ште = 0.2 х 10= 2 № 
So, the К.Е. is used to overcome friction 


change in Р.Е. = work done. 
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38. 


39. 


40. 


41. 


42. 


43. 


Let 'dx' be the length of an element at a distance x from the table 
mass of ‘dx’ length = (m/£) dx 

Work done to put dx part back on the table 

W = (m/2) dx g(x) 

So, total work done to put £/3 part back on the table 





n x? 3 mg/? mg? 
W= А d = g = - = 
үш x —w-(m/g)g E | те 


Let, x length of chain is on the table at a particular instant. 
So, work done by frictional force on a small element ‘dx’ 


dW; = uRx = 122 [where dx = Max] 
Total work don by friction, 


0 
M 
№ = —gx d 
f [te x 
2L/3 
210 


2 
Ме ра В uM AU | - 2uMg L/9 
L 2 "TS L| 18 


Given, т = 1ке, H=1m, h=0.8m 


Here, work done by friction = change in Р.Е. [as the body comes to rest] 


=> W; = mgh — mgH 

= mg (h - Н) 

-1х10(08-1)--2) 

m=5kg, х= 10ст = 0.1т, м = 2m/sec, 
h =? G = 10m/sec? 


so, к= 79.50 = 500 N/m 
Х 0.1 


Total energy just after the blow Е = % mv? + % kx? ...(i) 
Total energy a a height h = 4 k (h — x)? + mgh (ii) 

¥% mv? + kx? =% k (h x)? + mgh 

On, solving we can get, 

Н=0.2 т = 20 ст 

т = 250 g = 0.250 kg, 

К = 100 N/m, m = 10 cm = 0.1т 

g = 10 m/sec? 

Applying law of conservation of energy 


2 2 
E E ОО орь 


4 = mgho hs 1 - 
mg 2x0.25x10 


2 





т = 2ке, $1=4.8т, x = 20cm = 0.2m, $2 = 1m, 
sin 37° = 0.60 = 3/5, Ө = 37°, 
g = 10m/sec? 


Applying work — Energy principle for downward motion of the body 


H=1m 


cos 37° = .79 = 0.8 = 4/5 


D» 


21/3 
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44. 


45. 


46. 


47. 


48. 


0-0 = те ѕіп 37° x 5 — uRx5- V kx’ 

=> 20 x (0.60) x 1 — их 20 х (0.80) x 1 + % К (0.2)? 2 0 

=> 60 – 80р - 0.02k = 0 = 80ц + 0.02k = 60 4411) 

Similarly, for the upward motion of the body the equation is 

0-0 = (—mg sin 37°) x 1—wRx1+%k (0.2)? 

= —20 x (0.60) x 1 — u x20 х (0.80) x 1+%k (0.2)? =0 

= -12-16u+0.02 K=0 ii) 

Adding equation (i) & equation (ii), we get 96 ц = 48 

—>и=0.5 

Now putting the value of и т equation (i) К = 1000N/m 

Let the velocity of the body at A bev 

So, the velocity of the body at B is v/2 > " 
Energy at point А = Energy at point B LEE] 
So, № туд” = % mvg? + % kx^* 


2 2 
ы у mv 
>И к? 25 mva? -% mvp. => kx? = m (va ve.) => kx? = и -8| —kz 3 





Mass of the body = m 

Let the elongation be x 4 
So, % kx” = тех 

—x-2mg/k 

The body is displaced x towards right 

Let the velocity of the body be v at its mean position 


Applying law of conservation of energy 
x (ky *k2) 
% mv? = % ках? + % Кох? > mv? = x! (k1 + k2) > v^ = m 


> V= X Кү+К; 
\ т 


Let the compression be x 

According to law of conservation of energy Г] | | | 
У mv 24 кх? > x! = mv? / К => xz vf(mik) 

b) No. It will be in the opposite direction and magnitude will be less due to loss in spring. 


m = 100g = 0.1kg, x = bcm = 0.05m, К = 100N/m 
when the body leaves the spring, let the velocity be v 


% mv? =% kx? у= xvk/m 20.05 x lor = 1.58m/sec 22: 


For the projectile motion, Ө = 0°, Y = –2 
Now, у = (usin 0)t — 7 gt? 
—-2-(4/2)x9.8x t? > t = 0.63 sec. 
So, x = (и cos Ө) t > 1.58 x 0.63 = 1m Е 
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49. Let the velocity of the body at A is 'V' for minimum velocity given at A velocity of the body at 
point B is zero. 
Applying law of conservation of energy at A & B 
% ту? = mg (2€) > v= 4/(49/) = 24/97 
50. m = 320g = 0.32kg 
К = 40N/m 
В = 40cm = 0.4т ын 
в = 10 m/s? 
From the free body diagram, 





(0.4 +x) 


kx cos 0 2 mg 
(when the block breaks off В = 0) 
=> cos Ө = mg/kx kx cos 


So, L4 2432 — 16x=3.2x+1.28>x=0.1m 44 
04-х 40хх 


50, s = АВ = J(h«x? -h? - (0.5)? – (0.4? =0.3m mg 

Let the velocity of the body at B be v 

Charge in K.E. = work done (for the system) 

(1/2 mv? + % mv?) = –1/2 kx? + mgs 

=> (0.32) x v? = -(1/2) x 40 x (0.1)? + 0.32 x 10 x (0.3) => v = 1.5 m/s. 
51. 0=37° ; [= В = natural length 

Let the velocity when the spring is vertical be 'v'. 

Cos 37° = ВС/АС = 0.8 = 4/5 

Ac = (h + x) = 5/4 (because BC = h) 

So, x = (5h/4) - h = h/4 

Applying work energy principle % kx? = % mv? 


у= х {(к/т) = вв 
4 т 
52. The minimum velocity required to cross the height point с = с 


Ра 


Let the rod released from a height h. 











Total energy at A = total energy at B h А 
mgh = 1/2 mv? ; mgh = 1/2 т (261) 7 
[Because v = required velocity at B such that the block 
makes a complete circle. [Refer Q — 49] 
Ѕо, һ =1. 
53. а) Let the velocity at B be v; 
1/2 mv? = 1/2 mv?) + mgl 
= 1/2 т (10 gl) = 1/2 тм + mgl 
v? =8 gl 
So, the tension in the string at horizontal position 
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54. 


55. 


56. 


Ts mv? Ё 89! _ 8 mg 
R | 

b) Let the velocity at C be V3 

1/2 mv? = 1/2 mv; + mg (21) 
= 1/2 m (log 1) = 1/2 mv? + 2mgl 
= v3" =6 mgl 
So, the tension in the string is given by 

2 

Te ~ mg- Sgm 

c) Let the velocity at point D be v4 


Again, 1/2 mv;? = 1/2 mv? + mgh 





mg - 5 mg 


1/2 x m x (10 gl) = 1.2 mv? + mgl (1 + cos 60°) 


= 42 =7 gl 
So, the tension in the string is 
Tp = (mv?/l) — mg cos 60° 


= m(7 gl)/l - 1 — 0.5 mg > 7 mg - 0.5 mg = 6.5 mg. 


From the figure, cos 0 = АС/АВ 

=> АС = AB cos Ө => (0.5) x (0.8) = 0.4. 

So, CD = (0.5) - (0.4) = (0.1) m 

Energy at D - energy at B 

1/2 mv? = mg (CD) 

v? 22x10x (0.1) 2 2 

So, the tension is given by, 

T- mg= (0.1) сор 14 N. 
r 0.5 

Given, М = mg 

As shown in the figure, mv / В = mg 

— v! = РК (1) 

Total energy at point A = energy at P 


1/2 kx? = [because v? = gR] 


=> x! = 3mgR/k 2 x= J(3mgR)/k . 

У = 391 

1/2 mv? - 1/2 mu? = -mgh 

v? = u? - 2g(I + 1соѕ0) 

— v! = 3gl - 2gl (1 + cos Ө) ...(1) 
Again, 


mgR + 2mgR 
2 


mv^/I = mg cos Ө 

v? = Ig cos 0 
From equation (1) and (2), we get 
За! – 2gl – 2gl cos Ө = gl cos Ө 
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57. 


58. 


3 cos Ө = 1 > cos Ө = 1/3 
0 = cos ! (1/3) 
So, angle rotated before the string becomes slack 
= 180° — cos (1/3) = cos (-1/3) 
|= 1.5 т; и = J57 m/sec. 
а) mgcos0 = mv? /I 
v? = Ig cos Ө ..(1) 
change in К.Е. = work done 
1/2 mv? - 1/2 mu? = mgh 
=> v? -57 =-2 х 1.5 g (1 + cos 0)...(2) 
= v? = 57 — 3g(1 + cos Ө) 
Putting the value of v from equation (1) 
15 cos Ө = 57 - 3g (1 + cos 0) > 15 cos 0 =57- 30— 30 cos Ө 
— 45 cos 0 = 27 — cos 0 = 3/5. 
= 0 = cos ! (3/5) = 53° 
b) v= 457 -3g(1+ cos 0) from equation (2) 
= 9 =3 m/sec. 


c) As the string becomes slack at point B, the particle will start making projectile motion. 








2 22 
H=0E+DC=1.5 cos 0+ п 8 
2g 
2 
БВ 24 yas 


2x10 





Fig-3 





a) When the bob has an initial height less than the peg and then released from rest (figure 1), 
let body travels from A to B. 
Since, Total energy at A = Total energy at B 
2. (K.E)4 = (РЕ) = (КЕ)в + (РЕ) в 
(РЕ) = (РЕ)в [because, (KE), = (КЕ)в = 0] 
So, the maximum height reached by the bob is equal to initial height. 
b) When the pendulum is released with 0 = 90? and x = L/2, (figure 2) the path of the particle 
is shown in the figure 2. 
At point C, the string will become slack and so the particle will start making projectile 
motion. (Refer Q.No. 56) 
(1/2) тус? — 0 = mg (1/2) (1 соѕ a) 
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59. 


because, distance between A nd C in the vertical direction is L/2 (1 — cos a) 
=> vč = gl(1- cos Ө) (1) 


Again, form the freebody diagram (fig — 3) 
2 





Te = mg cos a (because T, = 0} 
So, Ус = cos a ..(2) 


From Eqn.(1) and equn (2), 
БІ (1-соѕ а) = т cos Q 


=>1-cosa=1/2 cosa 
=> 3/2 cos a = 1 > cos а = 2/3 ..(3) 
To find highest position C, before the string becomes slack 


Bpebrboige b bie s t. 
2 2 223 23 





So, ВЕ = (51/6) 

с) If the particle has to complete a vertical circle, at the point C. 
mv? 

(L-x) 

—vw-g(L-x) ..(1) 

Again, applying energy principle between A and C, 

1/2 mv- 0 = mg (OC) 

=> 1/2 v? = mg [L - 2(L- x)] = mg (2x - L) 

=> vč = 2g(2x - L) ..(2) 

From equn. (1) and equn (2) 








mv^/(L-x) 
g(L- x) = 2g (2x - 1) 
=>L-x=4x-2L © 
=> 5x = ЗІ 
Xs 3206 mé 

L 5 

So, the rates (x/L) should be 0.6 
Let the velocity be v when the body leaves the surface. 1 
From the freebody diagram, в 
mv? А 
SEE - mg cos 0 [Because normal reaction] 
v! = Rg cos 0 (1) 
Again, form work-energy principle, 
Change in К.Е. = work done 23 mut 
= 1/2 ту? - 0 = mg(R - В cos) баганад 


> v? - 2gR (1 — COS 0) 4(2) mg со50 
From (1) and (2) 
Rg cos 0 = 2gR (1 - cos 0) 
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61. 


3gR cos 02 2 gR 

Cos 0 = 2/3 

Ө = cos !(2/3) 

a) When the particle is released from rest (fig—1), the centrifugal force is zero. 


N force is zero = mg cos 0 
= mg cos 30° = Sang 
b) When the particle leaves contact with the surface (fig-2), М = 0. 


2 
So, T mg cos 0 


= у? = Ке соѕ9 ..(1) 
Again, % mv? = mgR (cos 30° — cos Ө) 


сн cos | ..(2) 





2 
=v =2К 
у є[® 


Fig-2 
From equn. (1) and equn. (2) а 


Rg cos Ө = /3 Rg - 2Rg cos Ө 
=> 3 cos 0 = J3 
= cos0- -L — 0 = cos! [=] 


43 43 
So, the distance travelled by the particle before leaving contact, 
$ = R(0 - 1/6) [because 30° = 1/6] 
putting the value of 0, we get & = 0.43R 
a) Radius =К 
horizontal speed = v 
From the free body diagram, (fig—1) Ч = - 
N = Normal force = mg - ull 
b) When the particle is given maximum velocity so that tHe centrifugal force balances the 
weight, the particle does not slip on the sphere. 


2 
т = те > у= JgR 


с) If the body is given velocity v4 





V1- JgR/2 
vi -gR/A 
Let the velocity be v2 when it leaves contact with the surface, (fig—2) 


2 
So, T - mg cos 0 


=v? = Ве с0$0 ..(1) 

Again, 1/2 ту? - 1/2 mv,” = mgR (1 – cos Ө) 
— v? = v + 2gR (1 — cos Ө) ..(2) 

From equn. (1) and equn (2) 
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62. 


63. 


Rg cos 0 = (Rg/4) + 2gR (1 — cos 0) 

=> cos 0 = (1/4) - 2- 2 cos Ө 

=> 3 cos Ө = 9/4 

— cos 0 = 3/4 

= 0 = cos ! (3/4) 

a) Net force on the particle between A & В, Е = mg sin Ө 
work done to reach B, М = FS = mg sin Ө € 

Again, work done to reach B to C = mgh = mg К (1 – cos Ө) 
So, Total workdone = mg[£sin Ө + В(1 - cos 0)] 

Now, change in K.E. work done 

= 1/2 mvo? = mg [ € sin Ө + R (1 — cos Ө) 

> М = /2=(В-соз0) + /sin 0) 

b) When the block is projected at a speed 2v,. 

Let the velocity at C will be Ve. 

Applying energy principle, 

1/2 mv - 1/2 m (2v,)* = -mg [£sin Ө + R(1 — cos 0] 
>v = 4у,- 2g [€sin Ө + R(1 — cos0)] 

4.2g [sin Ө + R(1— cos 0)] - 2g [sin Ө + R(1— cos Ө) 

= 6g [€sin Ө + R(1 — cos 0)] 

So, force санг on the body, 








mv?/R 





—> № = ne = 6mg [(£/R) sin 0 1 — cos 0] 


C) Let the block loose contact after making an angle 0 


mv" = mg cos 0=> v! = Rg cos Ө ..(1) 


Again, 1/2 mv? = mg (R -R cos Ө) > v? = 2gR (1 — cos Ө) (залы (2) 
From (1) and (2) cos 0 = 2/3 > Ө = cos ! (2/3) 
Let us consider а small element which makes angle “20” at the centre. 

m = (m/2)Rd Ө 
a) Gravitational potential energy of ‘dm’ with respect to centre of the sphere __ 
z (dm)g R cos 0 
= (mg/£) Rcos 0 40 








tir 2 
So, Total G.P.E. = f TE со5040 | a = (&/R))(angle subtended by the chain at the 
d А 


centre).......... 
= mR* TS [sin 0] (£/R) - ? MNS sin (£/R) 


b) When the эг» is released from rest and slides down through an angle 0, the K.E. of the 
chain is given 
К.Е. = Change in potential energy. 
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64. 


mR?g _. gR? 
—, Sin(&/R) m [57-co50 d0 rS ? 


mR?g 


: | sin (€/R) + sin Ө - sin {Ө +(€/R)}] 





mR?g 
( 
Taking derivative of both sides with respect to ‘t’ 





C) Since, K.E. - 1/2 mv? - | sin (£/R) + sin Ө - sin {Ө +(2/R)}] 


dv _ R?g 90 90 
1/2) x 2v x — = => 0х--- 0 -£/R) — 
(1/2) x 2v x a 7 [соѕ uem cos ( VR) Е) 





аө, dv _ R?g _ do 
. (К = 0- Ө +(6/В 
( a ucc c [cos 0 — cos (Ө +(€/R))] 
When the chain starts sliding down, 0 = 0. 
dv _ Rg 
So, СУ = 79 [1 — cos (8/R 
Re m cos (6/8)| 


Let the sphere move towards left with an acceleration 'a 
Let m = mass of the particle 


The particle ‘m’ will also experience the inertia due to acceleration ‘a’ as it is оп the sphere. It 
will also experience the tangential inertia force (m (dv/dt)) and centrifugal force (mv^/R). 


mo = ma cos 0 + mg sin 0 > mv P - ma cos 0 (RS + mg sin Ө "ev 


irj N 
dt 
Because, v = Roe 

dt 


mv?/R 


ma 





=> vd v = a R cos Ө dO + РК sin Ө dO 


Integrating both sides we get, 
2 
T = aRsinO —gRcos 0+С 


Given that, at = 0, v = 0, So, С = gR 





2 
So, 5 = аВ $т 0 —2В со$ 0 +=В 


^. = 26 (а sin Ө + g-gcos Ө) = v -[2R (a sin Ө + g -g cos Өр? 


* k k k Ж 
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пп. = 1kg, т2= 2kg, ms = 3kg, 
X17 0, X2 = 1, X3=1/2 Y 
У: =0, Уг = 0, уз = 43/2 


The position of centre of mass is 





CM= [ms +11>2Х2 + ТзХз my, +M2Y2 zm 


mı +m +M; ` тут +m 








1+2+3 | 1-2-3 


45 343 


= aa from the point B. 


= Шил ын Бин очы 


B 1m C 


12' 12 
Let 0 be the origin of the system 
In the above figure 
m,-21gm, х; = – (0.96х107'%)ѕіп 52° у; =0 
тә = 19т, хә = – (0.96х107'%)ѕіп 52° у, =0 
хз= 0 уз= (0.96 х 10770) cos 52° 
The position of centre of mass 


(2% +M2X2 +M3X3 MY, +M2Y2 + ан 








mı +m; +mM3 m, +m; + 13 





14-1416 18 





z (Ex nope + (0.96 x 10719 )sin52 +16 x0 шэн 








= (0, (8/9)0.96 x107"? cos52°) LIO 


Let 'O' (0,0) be the origin of the system. 

Each brick is mass 'M' & length ‘L’. 

Each brick is displaced w.r.t. one in contact by 'L/10' 
-. The X coordinate of the centre of mass 


L L L j+ cops L 3L L 3L L L L L 
m tM і ст t т і т і ст t цаа | 
В Ё 5) Ё т Ё a t 10 E) E E) (2) 

















Xom = 7m 
LL L LLL3LLLLL L 
-2 2 10 2 5 2 10 2 5 2 10 2 
7 

7L 5L 2L 
2110 5 .358L.«5L«4L _ 440. 11 
7 ^. 10x7 70 35 


Let the centre of the bigger disc be the origin. 
2R = Radius of bigger disc 
R = Radius of smaller disc 


mı = nR? x T x p 
тг = n(2R} IT хр <<» 
where T = Thickness of the two discs 


p = Density of the two discs 
-. The position of the centre of mass 
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[nn +mM2X2 Пу + тоа. 
mı "Et m» mı ы р m» 








X,=R y,=0 
X270 у2 =0 


nR?TpR +0 0 _ {RETR o|- Ё o) 
лВ?Тр + n(2R)?Tp' т; m; 5лВ?Тр ' 5: 
At R/5 from the centre of bigger disc towards the centre of smaller disc. 
Let '0' be the origin of the system. 


К = radius of the smaller disc 
2R - radius of the bigger disc 


The smaller disc is cut out from the bigger disc 
As from the figure 
R 








т; = лВ“Тр Хү = у= 0 
т» = n(2R)°Tp Хх =0 у; =0 
2 
The position of C.M. = = 108 22 aoe 
—nR*Tp+2(2R)*TpR m4 + m; 


2 
[вте o] - (-, o] 
ЗлКТр 3 


C.M. is at R/3 from the centre of bigger disc away from centre of the hole. 
Let m be the mass per unit area. 
-. Mass of the square plate = М. = ат 


2 
Mass of the circular disc = М, = =m 
Let the centre of the circular disc be the origin of the system. 


-. Position of centre of mass 








йг 0-0 Ё dim o -( 4d ) 
2 2 , , 
d^m + z(d^/4)m М, +M, a’n( 1+] 


The new centre of mass is E right of the centre of circular disc. 
T+ 








m, = 1kg. У. =—1.5 cos 37 i — 1.55 sin 37} = – 12i —0.9j 

m» = 1.2kg. V, =0.4j 

ms 7 1.5kg Уз =- 0.81 +0.6j 

шаа ЭРЭР! . р 1kg 0.4m/s ‘ae 

ms = 1kg У = 0001-21-21 37° | D 
ЧМ У Уз +M4V4 +M5;V5 37% 

So Ус = 1.5m/s 1.2kg 1.5kg 


m4 +M - ms +M4 +M5 

















_ (712i -0.9j) +1.2(0.4j)  1.5(-0.8i  0.6j) +0.5(31) +1(1.61-1.2]) 
5.2 
12i -0.9j  4.8j - 12i -.90j 4 1.5i 4 1.6i —1.2j 
| | 5.2 iar 
07i 0.72] 05kg 3m/s 
Жо cone ee n 2m/s 


52 5.2 
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10. 


11. 


12. 


13. 


Two masses т. & m; are placed on the X-axis 

т; = 10 kg, m» = 20kg. 

The first mass is displaced by a distance of 2 cm 
| m4X4*mox,  10х2-20х, 

mo O mtm 30 

_ 20-20х, 


SX 








>0 => 20 + 20x: = 0 


=> 20 =- 20х > X2 = -1. 
л, The 2" mass should be displaced by a distance 1cm towards left so as to kept the position of centre 
of mass unchanged. 
Two masses т. & т» are kept in a vertical line 
m, = 10kg, m; = 30kg 
The first block is raised through a height of 7 cm. 
The centre of mass is raised by 1 cm. 
242 MY + moy, _ 10 x 7 + 30у, 
m, +172 40 
_ T0 + 30y; 
а 








1 = 70 +30y2 = 40 > 30y; = – 30 = y; = -1. 


The 30 kg body should be displaced 1cm downward inorder to raise the centre of mass through 1 cm. 


As the hall is gravity free, after the ice melts, it would tend to acquire a 
spherical shape. But, there is no external force acting on the system. So, the 
centre of mass of the system would not move. 


The centre of mass of the blate will be on the symmetrical axis. 


mR,” (48,) (2R?  4R, 
2 Зл 2 3n 
л? _ mR,’ 
2 2 
3 
(2/3)R,° - (21 3R, 4 (В,-В,ДВ, +R; +R R3) 


L 
HK 








) в 








п/2(8,2 - Ré) 3n (R2 - R.)(R2 + Ки) 
2 2 
EP ERF ERR) above the centre. 
3n К, + К, 
m, = 60kg, m» = 40kg , тз = 50kg, 


Let A be the origin of the system. 
Initially Mr. Verma & Mr. Mathur are at extreme position of the boat. 


-. The centre of mass will be at a distance 
_ 60х0+40х2+50х4 _ 280 = 1.87m from ‘A’ К А 
150 150 


When they соте їо the mid point of the boat the CM lies at 2m from ‘А’. 60kg 40kg ^ 20kg 
г. The shift in CM = 2 — 1.87 = 0.13m towards right. P = А 
But as there is no external force in longitudinal direction their CM would not shift. 
So, the boat moves 0.13m or 13 cm towards right. 
Let the bob fall at A,. The mass of bob = m. 
The mass of cart = M. 
Initially their centre of mass will be at 
mxL«Mx0 _ m 
M+m оо Г + =) 
Distance from P 
When, the bob falls in the slot the CM is at a distance ‘O’ from P. 
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14. 


15. 


16. 


17. 


18. 


Shift i СМ =0— E = -ML towards left 
M+m М-т 








towards right. 


But there is no external force in horizontal direction. 





So the cart displaces a distance towards right. 


Initially the monkey & balloon are at rest. 
So the CM is at 'P' 
When the monkey descends through a distance 'L' 
The СМ will shift 
тхЇ -Мх0 mL 


t; = - from P 
М+т М+т 





IK 








So, the balloon descends through a distance 


Let the mass of the to particles be m, & m; respectively 
m, = 1kg, m» = 4kg 

-. According to question 

1 miv = 16 mov? 


2 
mı _ V2 V2 























m, V4 m» 
m» Var V4 m» V2 m, 
MV m ER 04. 
Now, - х = 1/2 
M2V2 4m» | 44 
тм 
> 11 21:2 
m»Vv5 


As uranium 238 nucleus emits a a-particle with a speed of 1.4 x 10’m/sec. Let vz be the speed of the 
residual nucleus thorium 234. 





"^. m4V4 = M2V2 
—4x14 x 10’ = 284 x v; 
7 

зүүд Я 24 45 наас: 
234 

m4V4 = Mo2V2 

= 50 x 1.8 = 6 х 10" х 

= 20518 .15x 10 m/sec 

x10 


So, the earth will recoil at a speed of 1.5 x 10 ?m/sec. 


Mass of proton = 1.67 х 107 
Let 'V,' be the velocity of proton — —— + ----» 
Given momentum of electron 7 1.4 x 10 ?5kg m/sec 
Given momentum of antineutrino = 6.4 x 10 7" kg m/sec 
a) The electron & the antineutrino are ejected in the same direction. As the total momentum is 
conserved the proton should be ejected in the opposite direction. 

1.67 x 10727 x V, = 1.4 x 107? + 6.4 x 107" = 20.4 x 1077 

Vp = (20.4 /1.67) = 12.2 m/sec in the opposite direction. 
b) The electron & antineutrino are ejected L" to each other. 
Total momentum of electron and antineutrino, 


(14)? + (6.4)? x10 7" kg m/s = 15.4 x 10” kg m/s a 
Since, 1.67 x 1077 V, = 15.4 x 1072? kg m/s 
So V, = 9.2 m/s 
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19. 


20. 


21. 


22. 


23. 


Mass of man = M, Initial velocity = 0 





Mass of bad = m 
Let the throws the bag towards left with a velocity v towards left. So, 
there is no external force in the horizontal direction. 
The momentum will be conserved. Let he goes right with a velocity h 4 
<-> 

Пе ММ Move (р 

M m 
Let the total time he will take to reach ground = ./2H/g =t, Hard ground pound 


Let the total time he will take to reach the height h = = J2(H-h)/g 
Then the time of his flying = t; -t2 = J2H/g — J2(H-h)/g = Метан - JH =) 


Within this time he reaches the ground in the pond covering a horizontal distance x 

>x =Vxt>Ve=x/t 

ye MxM) 49 

те m Нм 

As there is no external force in horizontal direction, the x-coordinate of CM will remain at that position. 

Мх (х) +тхх, 
М+т 


-. The bag will reach the bottom at а distance (M/m) x towards left of the line it falls. 
Mass = 50g = 0.05kg 


v = 2 cos 45° i – 2 sin 45° | 
м! = – 2 cos 45° 1 – 2 sin 45° j 
а) change in momentum = m v – mv, v 


= 0.05 (2 cos 45° Î – 2 sin 45° ј) – 0.05 (- 2 cos 45° i - 2 sin 45°j) 








M 
>0= >X = -—X 
m 


А А х 2 45° 
= 0.1 cos 45^ j — 0.1 sin 45? j +0.1 cos 45° i +0.1 sin 45° j 15° 
= 0.2 cos 45° Î 

2 
-. Magnitude = UM 0.14 kg m/s 
42) 42 


c) The change in magnitude of the momentum of the ball 
-P| T Р |= 2х0.5-2х0.5=0. 


Р 


incidence 






= (ҺА) cos 0 i — (ҺА) sin 0 | 


0 


Preftected = — (ҺА) cos Ө 1 — (ҺА) sin Ө] о РЕ ^ 
N 


N 
x 
x 


The change in momentum will be only in the x-axis direction. i.e. 
|AP|= (h/A) cos Ө — ((h/A) cos Ө) = (2h/A) cos Ө Boo nace: 
As the block is exploded only due to its internal energy. So net 

external force during this process is 0. So the centre mass will not change. y 

Let the body while exploded was at the origin of the co-ordinate system. 

If the two bodies of equal mass is moving at a speed of 10m/s in + x & +y axis 

direction respectively, E 


4102 +102 +210.10cos90° = 104/2 m/s 45° w.r.t. + x axis 

If the centre mass is at rest, then the third mass which have equal mass with other 

two, will move in the opposite direction (i.e. 135? w.r.t. + x- axis) of the resultant at the same velocity. 
Since the spaceship is removed from any material object & totally isolated from surrounding, the 
missions by astronauts couldn't slip away from the spaceship. So the total mass of the spaceship 
remain unchanged and also its velocity. 
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24. 


25. 


26. 


2T. 


28. 


d=1cm, v=20 m/s, и= 0, р = 900 kg/m? = 0.9gm/cm? 

volume = (4/3)лг? = (4/3) л (0.5) = 0.5238cm? 

-. mass = vp = 0.5238 x 0.9 = 0.4714258gm 

-. mass of 2000 hailstone = 2000 х 0.4714 = 947.857 

-. Rate of change in momentum per unit area = 947.857 x 2000 = 19N/m? 
-. Total force exerted = 19 x 100 = 1900 М. 

A ball of mass m is dropped onto a floor from a certain height let 'h'. 


/. Ма = 42gh 3 у; = 0, V2 = — \/298 & Уг -0 


-. Rate of change of velocity :- 
mx 2,/2gh 
t 


єл v= J2gh,s-h, V 


>v=utat 


—X2gh =gt>t= ^ 


7 Total time 2, E 


Fz 


Ш 
о 


24 2gh 
а Шаа i гал 
2 [т 
9 


A railroad car of mass М is at rest on frictionless rails when a man of mass m starts moving оп the car 
towards the engine. The car recoils with a speed v backward on the rails. 
Let the mass is moving with a velocity x w.r.t. the engine. 
.. The velocity of the mass w.r.t earth is (x — v) towards right 
Vom = 0 (Initially at rest) 

= —Му + m(x- v) 
> Mv = m(x — у) > тх = Му + ту = x= (Mem, эхэ зэ) 

m m 

A gun is mounted on a railroad car. The mass of the car, the gun, the shells and the operator is 50m 
where m is the mass of one shell. The muzzle velocity of the shells is 200m/s. 
Initial, Vem = 0. 
2 0249mxV*mx2005V- S mls 


a 200 m/s towards left. 
49 
When another shell is fired, then the velocity of the car, with respect to the platform is, 
>V = 200 m/s towards left. 
49 
When another shell is fired, then the velocity of the car, with respect to the platform is, 


>V = 200 m/s towards left 
48 


-. Velocity of the car w.r.t the earth is e + 22| m/s towards left. 


Two persons each of mass m are standing at the two extremes of a railroad car of mass m resting on a 
smooth track. 
Case - | 
Let the velocity of the railroad car w.r.t the earth is V after the jump of the left man. 
= – ми + (М+ т) М 
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29. 


30. 


31. 


32. 


33. 


34. 





= \ = 


+ 
Case - Il 
When the man on the right jumps, the velocity of it w.r.t the car is u. x ~N 
0 = ти – Mv’ is Наза 


ive" ауа! 
4— ——» 


towards right 


= м Ч 


(V' is the change is velocity of the platform when platform itself is taken as reference assuming the car 
to be at rest) 
2. So, net velocity towards left (i.e. the velocity of the car w.r.t. the earth) 


_ mv mv _ mMu + m?v - Mmu T m?v 


M М-пт M(M +m) M(M +m) 
A small block of mass m which is started with a velocity V on the horizontal part of the bigger block of 
mass M placed on a horizontal floor. 
Since the small body of mass m is started with a velocity V in the horizontal direction, so the total initial 
momentum at the initial position in the horizontal direction will remain same as the total final momentum 
at the point A on the bigger block in the horizontal direction. 








From L.C.K. m: АЙ y 
mv + MxO = (m + M) у > м = 21У 

M+m 
Mass of the boggli = 200kg, Vg = 10 km/hour. 


г. Mass of the boy = 2.5kg & Vgoy = 4km/hour. 

If we take the boy & boggle as a system then total momentum before the process of sitting will remain 
constant after the process of sitting. 

^. mp Vb = MboyVboy = (Mp + ту) V 

= 200 х 10 + 25 х4 = (200 +25) x v 


Mass of the ball = m, = 0.5kg, velocity of the ball = 5m/s 
Mass of the another ball m; = 1kg 
Let it's velocity = v' m/s 
Using law of conservation of momentum, 
0Q.5x5*1xv'z0v--25 
-. Velocity of second ball is 2.5 m/s opposite to the direction of motion of 1° ball. 
Mass of the man = т. = 60kg 
Speed of the man = v, = 10m/s 
Mass of the skater = m; = 40kg 
let its velocity = v' 
2. 60 x 10 +0 = 100 ху = у  6m/s 
loss in К.Е. = (1/2)60 х(10)? — (1/2)х 100 x 36 = 1200 J 
Using law of conservation of momentum. 
m4Uu4 + M2U2 = m.v(t) + mov’ 
Where у = speed of 2™ particle during collision. 
=> m4U4 + M2U2 = m4U4 + m, + (UAt)(v4 = u1) + mv’ 
mau, m; t 





V4 — U4 )V' 
m? о" 1) 
; m, t 
SV = Uu, (м, -u 
атм 


Mass of the bullet = т and speed = v 
Mass of the ball M 
т’ = frictional mass from the ball. 
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35. 


36. 


37. 


Using law of conservation of momentum, 
mv + 0 = (m'* m) v' + (M— m) v4 
where v' - final velocity of the bullet * frictional mass 
mv — (M + m)V4 
шт" 
Mass of 1°' ball = m and speed = v 
Mass of 2™ ball = m 
Let final velocities of 1° апа 2™ ball are v, and v; respectively 
Using law of conservation of momentum, 
m(v4 + V2) = mv. 


> = 


> М+М = у ...(1) 
Also 
V4—V27 ev ...(2) 


Given that final К.Е. = 34 Initial К.Е. 
> ®% ту + % тур = 34 х % mv? 
= vw + у= hv 


= (му «(vw - v2 _3 2 





у 
2 
2\,2 
кзн NES Ж ИЕ 
2 4 2 2 J2 


Mass of block = 2kg and speed = 2m/s 

Mass of 2™ block = 2kg. 

Let final velocity of 2™ block = v 

using law of conservation of momentum. 

2x2=(2+2)v>v=1mis 

-. Loss in K.E. in inelastic collision 

= (1/2) x 2 x 12) v — (1/2) (2 + 2) «(1 24-222 

b) Actual loss = Mamun toss -4J 

(1/2) x 2 x 22 (1/2) 2x v? + (1/2) x 2x v? = 1 

= 4- (уу + у2) = 1 

(1+е2)х4 _ 
2 


> 4- 1 


=2(1 + е?) =3 > 1 +е? = 


N|% 
U 
Ф 

Ш 
ю|— 
5]- 


Final К.Е. = 0.2J 

Initial К.Е. = % т\/ +0 = % x 0.1 u? = 0.05 u? 

mv; = mv;' = mu 

Where v; and v; are final velocities of 1° апа 2™ block respectively. 


М+М = и 440) 100 g 
(vı — v2) +2 (а. - Up) =O>la= V2 — V4 4(2) 
и = 0, ши. 


Adding Eq.(1) and Eq.(2) 
2v2 = (1 + Du = v2 = (u/2)(1 + 2) 


и. Ма = р 
2 2 


we 501-0 


Given (1/2)mv4? +(1/2)ту2? = 0.2 
= у tv =4 


100 0 


1250 
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38. 


39. 


40. 


2 





2 2 
u 2,Uu 2 u 2 2 8 
> 1- 0) 4 1-4) = 4 => — (1+2 = 4 Е. 

4 0 Чы) (1+) TE 
For maximum value of u, denominator should be minimum, 
= |= 0. 


5 и? =8>u= 24/2 mis 
For minimum value of и, denominator should be maximum, 
э1-1 

и? =4 > 0=2 m/s 
Two friends A & B (each 40kg) are sitting оп а frictionless platform some distance d apart A rolls a ball 
of mass 4kg on the platform towards B, which B catches. Then B rolls the ball towards A and A catches 
it. The ball keeps on moving back & forth between A and B. The ball has a fixed velocity 5m/s. 





a) Case - | :- Total momentum of the man A & the ball will remain constant — cel 
0:4х5-40хүу = v = 0.5 m/s towards left sm/s 
b) Case - II :— When B catches the ball, the momentum between the B & the LS 
ball will remain constant. | EZ | 
= 4 x 5 = 44у = v = (20/44) m/s 
Case - Ш :— When B throws the ball, then applying L.C.L.M тан -1) C ve s 
=> 44 х (20/44) =-4х5+40 ху => у = 1m/s (towards right) == 
Case — IV :- When a Catches the ball, the applying L.C.L.M. 
= —4 x 5 + (-0.5)х 40 = – 44v у= х m/s towards left. 
с) Case - V :- When A throws the ball, then applying L.C.L.M. 
= 44 х (10/11) =4х5-40 x V — V = 60/40 = 3/2 m/s towards left. 
Case - VI :— When B receives the ball, then applying L.C.L.M 
>40х1+4х5=44 ху => v = 60/44 m/s towards right. 
Case - VII :— When B throws the ball, then applying L.C.L.M. 
> 44 х (66/44) =-4х5+40х V — V = 80/40 = 2 m/s towards right. 
Case - VIII :- When A catches the ball, then applying L.C.L.M 
= -4х 5 – 40 х (3/2) = – 44 v — v = (80/44) = (20/11) m/s towards left. 
Similarly after 5 round trips 
The velocity of A will be (50/11) & velocity of B will be 5 m/s. 
d) Since after 6 round trip, the velocity of A is 60/11 i.e. 
> 5m/s. So, it can't catch the ball. So it can only roll the ball six. 
e) Let the ball & the body A at the initial position be at origin. 
40х0-4х0-40х4 _ 10 А В 
"er ей, ОЛ pw 


и = J2gh = velocity on the ground when ball approaches the ground. 


—>и= 42x9.8x2 


у = velocity of ball when it separates from the ground. 














У+=0 
моя. 2x98x15 _ (2 43 
42х9.8х2 4 2 
EY E 
K.E. of Nucleus = (И2тъ? = (1/2) m| =| = 5 
mc 2mc 


linear momentum = E/c 


Energy limited by Gamma photon = E. V 
— 
E? Реша 
Decrease in internal energy = Е + 5 © 





2mc 
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41. 


42. 


43. 


Mass of each block Ma and Mg = 2kg. 

Initial velocity of the 1° block, (V) = 1m/s 

Va = 1 m/s, Vg = Om/s 

Spring constant of the spring = 100 N/m. 

The block A strikes the spring with a velocity 1m/s/ 
After the collision, it’s velocity decreases continuously and at a instant the whole system (Block A + the 
compound spring * Block B) move together with a common velocity. 

Let that velocity be V. 

Using conservation of energy, (1/2) МАМА? + (1/2)Мв\в? = (1/2)Mav? + (1/2)Мьу + (1/2)кх2. 

(1/2) x 2(1)? + 0 = (1/2) х 2x v? + (1/2) x 2 ху? + (1/2) x? x 100 

(Where x = max. compression of spring) 

—122v + 50х2 ..(1) 

As there is no external force in the horizontal direction, the momentum should be conserved. 

> MaVa + Мв\в = (Mat Mg)V. 
—2x1-24xv 

= М = (1/2) т/ѕ. ...(2) 


Putting in ед.(1) in x 
4 =2 x (1/4) + 50x+2+ 3| муу 
=> (1/2) = 50x? A B 


=> x? = 1/100т? 
=> x = (1/10)m = 0.1m = 10cm. 
Mass of bullet m = 0.02kg. 
Initial velocity of bullet V4 = 500m/s 500 m/s 
Mass of block, M = 10kg. — 
Initial velocity of block и» = 0. 
Final velocity of bullet = 100 m/s = v. 
Let the final velocity of block when the bullet emerges out, if block = v'. 
mv, + Ми» = mv + Mv’ 
= 0.02 x 500 = 0.02 x 100 + 10 ху 
= v' = 0.8m/s 
After moving a distance 0.2 m it stops. 
= change іп К.Е. = Work done 
= 0 — (1/2) x 10x (0.8)? = -u x 10 x 10 x 0.2 = и =0.16 
The projected velocity = и. 
The angle of projection = 0. 
When the projectile hits the ground for the 1" time, the velocity would be the same i.e. u. 
Here the component of velocity parallel to ground, u cos 0 should remain constant. But the vertical 
component of the projectile undergoes a change after the collision. 
u sino : 
e- TW —v-eusin Ө. 


Now for the 2" projectile motion, 





U = velocity of projection = Ju cos 0)? + (eu sin 0)? 





eusin Ө 
асо50 





and Angle of projection = a = tan” | | = {ап (е tan 0) 


ortana-etanO ...(2) 

gx? sec? a (3) 
257 s 

Here, у = 0, tan a =e tan 0, sec? a = 1 + e? tan? Ө 
And u* = и? cos? Ө + e? sin? Ө 

Putting the above values in the equation (3), 


Because, у = x tan a. – 





9.10 


Chapter 9 





44. 


45. 


9х? (1+ e? tan? ө) 


xetan0- 
2u? (cos? 0 + e? sin? Ө) 








Е 2eu? tan (cos? Ө + е^ sin? 0) 
g(1+ e? tan? 0) 

2 2eu? їап0-сов20 2 eu? sin20 

g g 
— So, from the starting point O, it will fall at a distance 
_ u?sin20 |. eu? sin20 _ и? sin20 
= | = (1+е) 

9 9 9 


Angle inclination of the plane = 0 
M the body falls through a height of h, 


The striking velocity of the projectile with the indined plane v = J2gh 


х 








Now, the projectile makes on angle (90° — 20) 
Velocity of projection = и = J2gh 

Let AB = L. 

So, х= #с0$ Ө, y = – P sin Ө 

From equation of trajectory, 

gx? sec? a 


y=xtana- 
242 





2 2 2(9n9 _ 
{віп Ө = 1008 0. tan (90° — 29) - 2x4 008 0860 (90-20) 




















2х 2gh 
2 2 2 
=>- | ѕіп Ө = £ cos Ө. сої 20 — BE CU OUS ео 29 
4gh 

2 2 

So, 10057000560720 = sin 0 + cos 0 cot 20 
4h 
5.2 
>= — n 0 + cos 0 cot 20) = xS 25 (sino + COS x el 
соѕ“ 0cos ec* 20 cos‘ Ө sin 20 
„2 2 | : 

- 4h x 4sinf 0cos* Ө Sing xsi 29+ 98000829 =16h sin? Ө x COSG = Bh sin Ө 

cos? 0 эт20 2sin0cos 0 
h = 5m, 0 = 45°, е = (3/4) 


Here the velocity with which it would strike = v = ./2g x5 = 10m/sec 
After collision, let it make an angle В with horizontal. The horizontal component of velocity 10 cos 45° 
will remain unchanged and the velocity in the perpendicular direction to the plane after wllisine. 
> Му= е х 10 sin 45° 
1 ds 


42 


V, = 10 cos 45° = 5 У2 m/sec 


So, u = JV, « V? = 4/50 +28.125 = 78.125 = 8.83 m/sec 


Angle of reflection from the wall В = tan” Ез = tan" Н = 37° 
542 4 

= Angle of projection о = 90 - (0 + В) = 90 - (45° + 37°) = 8° 

Let the distance where it falls = L 

—x-Lcos0,y--L sin Ө 

Angle of projection (a) 5-4” 


= (3/4) x 10 x (3.75) /2 m/sec 
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46. 


4T. 


48. 


gx? вес? a 
2u? 
2 254 
=>- | ѕіп Ө = £ cos Ө х tan 8° — 9 „4005 Өзес-8 
2 и2 
2 лко o 
=> — sin 45? = cos 45? – tan 8° — ices 49 Seco (4) 
(8.83) 


Using equation of trajectory, у = x tan a — 








Solving the above equation we get, 

{ = 18.5 m. 

Mass of block 

Block of the particle = m = 120gm = 0.12kg. 


In the equilibrium condition, the spring is stretched by a distance x = 1.00 cm = 0.01m. 


>0.2xg=K.x. 
=2=К x 0.01 => К = 200 N/m. 
The velocity with which the particle m will strike M is given by u 
= 42x10x0.45 = J9 =3 m/sec. 
So, after the collision, the velocity of the particle and the block is 
М = Пе: 2 m/sec. 
0.32 8 
Let the spring be stretched through an extra deflection of à. 








0 (1/2) x 0.32 x (81/64) = 0.32 x 10 x 8— ( 1/2 x 200 x (8 + 0.1)? — (1/2) х 200 x (0.01)? 


Solving the above equation we get 
6 = 0.045 = 4.5ст 
Mass of bullet = 25g = 0.025kg. 
Mass of pendulum = 5kg. 
The vertical displacement h = 10cm = 0.1т 
Let it strike the pendulum with a velocity u. 
Let the final velocity be v. 
= mu = (М + my. 

т 0.025 и 

и = хи = 

(M+m) 5.025 201 
Using conservation of energy. 





>= 


u? 


(201 





0- (1/2) (M + m. V? =- (M + m) g x h > =2x10x0.1=2 
эм =201 x 4/2 = 280 m/sec. 
Mass of bullet = M = 20gm = 0.02kg. 
Mass of wooden block M = 500gm = 0.5kg 
Velocity of the bullet with which it strikes u = 300 m/sec. 
Let the bullet emerges out with velocity V and the velocity of block = V' 
As per law of conservation of momentum. 
mu = Mv'* mv 44401) 
Again applying work — energy principle for the block after the collision, 
0 — (1/2) M x V? = – Mgh (where h = 0.2m) 
—V" = 2gh 
V' = 42gh = /20x0.2 = 2m/sec 
Substituting the value of V' in the equation (1), we get 
0.02 x 300 = 0.5 x2 +0.2 xv 
6.1 


= —— = 250m/sec. 
0.02 





| 


zi 
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49. 


50. 


51. 


Mass of the two blocks are m, , Mo. 

Initially the spring is stretched by xo 

Spring constant K. 

For the blocks to come to rest again, x] | ЭЧ м 
Let the distance travelled by m4 & m2 Bis e e | 
Be x, and xz towards right and left respectively. 

As o external forc acts in horizontal direction, 

m4X4 = M2X2 ...(1) 

Again, the energy would be conserved т the spring. 

= (1/2) кх X = (1/2) К (x1 + X2 — хо)? 

=> Xo = X1 + X2 — Xo 

> X1 + X27 2Xo ...(2) 


- 2m, 
=> хү = 2х0 - X; similarly x; = | ———— xo 





m, +12 
2m, 
= т.(2хо — X2) = moX» => 2mi4xy- M4X2 = M2X2 => X2: = | ———— X 
mı +11 
: m»; xVg +m, x0 MoV 
a) г. Velocity of centre of mass = —2——°® 1 = 20 


b) The spring will attain maximum elongation when both velocity of two blocks will attain the velocity of 
centre of mass. 

d) x maximum elongation of spring. 

Change of kinetic energy = Potential stored in spring. 


2 
MoV K 
1/2) m, v? — (1/2) (тү + ms) (| —2—9— | = (1/2) kx? Vo 
=> (1/2) m2 Vo — (1/2) (т, (mae (1/2) ES 
m3 1/2 
1 2 


If both the blocks are pulled by some force, they suddenly move with some acceleration and 
instantaneously stop at same position where the elongation of spring is maximum. 

-. Let x1, X2 — extension by block m4 and m; 

Total work done = Fx, + Fx? ...(1) 

-. Increase the potential energy of spring = (1/2) К (x4* хә)” ...(2) 

Equating (1) and (2) 

F(a + Xa) = (1/2) K (rt xa)? => (хк ж) = 27 
Since the net external force on the two blocks is zero thus same force act on opposite direction. 
<. M1X1 = M2X2 ...(3) 


Апа (x+ X2) ын л 


m 
7х = sed F F 


K 
m» "| мум | Е 


Substituting ™. x 1 + х, = 20 
m, K 
| = 2F _2F m, 
>x 1+— |= = => x,= 22 _ 
тэ) К К m,+m, 
Similarly x = "М _ 
К т; +т> 
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52. 


53. 


54. 


е E-F 
Acceleration of mass m, = —L——À- 
сор : Е, —F, 
Similarly Acceleration of mass m; = —— —— 


Due to Е, and Е; block of mass т. and т» will experience different acceleration and experience ап 
inertia force. 


г. Net force оп т. = Е, – т; а 

Р-Р _ mF +mF -mF Em, _ mF, «mE, Е, аллел ть | 
m, 4 ms m, 4 ms m, - ms 

Similarly Net force on m; = Е — m5 a 

Fa -F 2 mf,-mj;b-mj;,-Fm,;  mF,-c«m;j, 

m, 4 m5 m, +m, m, +m, 


-F.-m,x 








= Р - тә х 








-. If m; displaces by a distance x, and x; by m; the maximum extension of the spring is x; + т». 
-. Work done by the blocks = energy stored in the spring., 

ту, + mF хх, + mF, + mF x x; = (1/2) К (x14 x?) 
m, - m» m, - m»; 


— 








2 mF, +m,F, 

K m, +m, 

Mass of the man (Mm) is 50 kg. 

Mass of the pillow (Mj) is 5 kg. 

When the pillow is pushed by the man, the pillow will go down while the man goes up. It becomes the 
external force on the system which is zero. 
— acceleration of centre of mass is zero 

— velocity of centre of mass is constant 

-. As the initial velocity of the system is zero. 
“Mm * Vin = Mp * Vp ...(1) 

Given the velocity of pillow is 80 ft/s. 

Which is relative velocity of pillow w.r.t. man. 


Ут = Vp = Va = № (Vm) = Vp * Vn => Vp = Vprm— Vm 


Putting in equation (1) pillow 
Mm x Vm = Mp (Vo; — Vm) ] | 


=> 50x Vm =5х (8 — Мн) | 


=> Xt X = 


=> 10 х Vm =8-Vn > Vin = = 0.727m/s 


-. Absolute velocity of pillow = 8 — 0.727 = 7.2 ft/sec. 


S. 8 


г. Time taken to reach the floor = — = = 1.1 sec. 
v 72 


As the mass of wall >>> then pillow 

The velocity of block before the collision = velocity after the collision. 

= Times of ascent = 1.11 sec. 

-. Total time taken = 1.11 + 1.11 = 2.22 sec. 

Let the velocity of A = ui. A 

Let the final velocity when reaching at B becomes collision = v4. с 
-. (1/2) mv? — (1/2)mu,? = mgh h h 


>w -u =2gh >v = 2gh-u,? ...(1) B 


When the block B reached at the upper man's head, the velocity of B is just zero. 
For B, block 


-. (1/2) x 2m x 0? - (1/2) x 2m x v? = mgh = у = ,/2gh 
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55. 


-. Before collision velocity of ид = v4, Up = 0. 

After collision velocity of v4 = v (say) Vp 7 J2gh 

Since it is an elastic collision the momentum and K.E. should be coserved. 
“MmxX*v,+2mxO0=mxvt+2mx J2gh 


>Vv,-V=2 2gh 
Also, (1/2) x m x v4? + (1/2) | 2m х 0° = (1/2) x m x v? + (1/2) x2m x (/208| 


> м - УР =2х / 200 х J2gh  ..(2) 


Dividing (1) Бу (2) 


(vi v)(v4 - v) E 2x. /2gh x J2gh = 
(V, v) 2x 201 =» у + у = J2gh ...(3) 


Adding (1) and (3) 


244723 J2gh = ү; = B 42001 
But vı J2gh«u? = 3 4201 


—2gh*u^- 2» 2gh 





=» и 2.5. 200 


So the block will travel with a velocity greater than 2.5 J2gh so awake the man by B. 


Mass of block = 490 gm. 

Mass of bullet = 10 gm. 

Since the bullet embedded inside the block, it is an plastic collision. 
Initial velocity of bullet v, = 50 J7 m/s. 

Velocity of the block is v2 = 0. 

Let Final velocity of both = v. 


<. 10х10 3х 50 x J7 «107 x 19010 = (490 + 10) x 10? x Va 


= VAT J7 m/s. 
When the block losses the contact at 'D' the component mg will act on it. 
m(V, y 2 
—3B = mgsin 0 = (Vg) = gr sin Ө ...(1) 
Е 


Puttin work energy principle 

(1/2) m x (Vg? — (1/2) x m x (VAY = — mg (0.2 + 0.2 sin Ө) 
=> (1/2) x gr sin Ө — (1/2) x тў = — mg (0.2 + 0.2 sin 0) 
=> 3.5 – (1/2) x 9.8 x 0.2 x sin 0 = 9.8 x 0.2 (1 + sin Ө) 

=> 3.5 — 0.98 sin Ө = 1.96 + 1.96 sin Ө 

> sin Ө = (1/2) = Ө = 30° 

-. Angle of projection = 90° - 30° = 60°. 


г. time of reaching the ground = jen 
g 


y ETATE 
E 9.8 

-. Distance travelled in horizontal direction. 

s=Vcos@xt= 9r sino xt- 49.8x2x(1/2) x0.247 -0.196т 


-. Total distance = (0.2 — 0.2 cos 30°) + 0.196 = 0.22m. 





= 0.247 sec. 











109 
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56. 


57. 


Let the velocity of m reaching at lower end = V4 

From work energy principle. 

2 (1/2) x m x V? - (1/2) x mx 02 = то? 

—w-X29!. 

Similarly velocity of heavy block will be vz =./2gh . 

7 V1 = № = u(say) 

Let the final velocity of m and 2m v4 and уг respectively. 
According to law of conservation of momentum. 

m x x4 + 2m x V; = mv, + 2mv5 

> тхи-2 ти -mwv;-2mvs 


> +2\2=-и ...(1) 
Адат, vı — № = — (V1 – V2) 
> Ма № =- [u - (—v)] = – 2V ...(2) 
Subtracting. 
u 296 
3v2 = и > \2= 3 - X 
Substituting in (2) 
у — V2 = - 2U > уу = — 20 + v, = 20 + => Be Pu 
3 3 3 


b) Putting the work energy principle 
(1/2) x 2m x 0* — (1/2) x 2m x (vj)? = -2m x gx h 
[h > height gone by heavy ball] 
= (12) 29 2 txn sha 4 

9 9 
Similarly, (1/2) x т х 0? — (1/2) x mx v? =m x g x hz 
[ height reached by small ball] 


= (02) х 2087 =g xh, ah AU 


9 








Someh; is more than 2%, the velocity at height point will not be zero. And the ‘т’ will rise by a distance 24. 


Let us consider a small element at a distance 'x' from the floor of length 'dy' . 


So, ат = Max 


So, the velocity with which the element will strike the floor is, v = /20х 


-. So, the momentum transferred to the floor is, 


M = (ат)у = € dxx4/2gx [because the element comes to rest] 


So, the force exerted on the floor change in momentum is given by, 


dM M dx 
— = —Xx——X 
dt L dt 
Because, v = x = J29x (for the chain element) 


F,- wx 29x x 29x = wx 29x - Mox 


= 


20х 





ЕС 
| 


(Initial position) 


Again, the force exerted due to 'x' length of the chain on the floor due to its own weight is given by, 


Mgx 

ки 

So, the total forced exerted is given by, 
2Mgx Мох _ 3Mgx 


Е= Е, + М = | 
L E L 


= ГО0ха- 
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58. 


59. 


60. 


V4 = 10 m/s V2=0 
V4, V2 > velocity of ACB after collision. 
a) If the edlision is perfectly elastic. 
mV, + mV: = mv, + mv2 m 10 m/s 
> 10 +0=v +v 
>v +v=10 (1) в | 
Again, v4 — \> = – (u1 — V2) = – (10 — 0) = -10 ...(2) u=0.1 
Subtracting (2) from (1) 
2V2 = 20 = v2 = 10 m/s. 
The deacceleration of B = ug 
Putting work energy principle 
<. (1/2) x m x 0? – (1/2) x mxv? 2-mxaxh 
100 


— (1/2) х 10? -ugxh h=— =50т 
в rg “ЭЛ 250410 

b) If the collision perfectly in elastic. 

тхои + тхои = (т+ т) ху 

= тх 10 +тх0 = 2тху >v= =5 ms. 


The two blocks will move together sticking to each other. 
-. Putting work energy principle. 
(1/2) x 2m x 0? — (1/2) x 2m x v? 2 2m x ug x s 
5? 
> — 7 F858 
0.1x10x2 
Let velocity of 2kg block on reaching the 4kg block before collision =u,. 
Given, V2 = 0 (velocity of 4kg block). 
-. From work energy principle, 


>s=12.5m. 


5 1 m/s 
(1/2) mx uj (1/2) mx 1? =- mx ug x s Lt 
2 2 2kg 4kg 
uy -1. _ uy -1 
———2—-2x5 >-16= ——— и=0.2 — 16cm u=02 
= 64x 102 =u,?-1 = ш = 6m/s 


Since it is a perfectly elastic collision. 
Let Vi, V2 — velocity of 2kg & 4kg block after collision. 
m4V4 + тә\/2 = m4V4 + 22 


>2х0.6 +4х 0 =2\, +4 v2 => у + 2v2 = 0.6 ...(1) 
Again, V4 — V; = — (u4 — u2) = - (0.6 —0) = -0.6 ...(2) 
Subtracting (2) from (1) 

3v» = 1.2 => V2 = 0.4 m/s. 


z. V4 =- 0.6 + 0.4 =- 0.2 m/s 

-. Putting work energy principle for 1° 2kg block when come to rest. 

(1/2) x 2 x 0? (1/2) х2 х (0.2? 22x 0.2 x 10 хз 

=> (1/2) x 2 x 0.2 x 0.2 =2 x 0.2 x 10 x s => $; = 1cm. 

Putting work energy principle for 4kg block. 

(1/2) x 4 x 0? — (1/2) x 4 x (0.4} =- 4 x 0.2 x 10 x s 

=>2x0.4x0.4=4x0.2x10xs > S2 = 4 ст. 

Distance between 2kg & 4kg block $1 + $2 = 1 + 4 = 5 ст. 

The block ‘т’ will slide down the inclined plane of mass M with acceleration a, о sin a (relative) to the 
inclined plane. 

The horizontal component of a, will be, a, = g sin a cos a, for which the block M will accelerate towards 
left. Let, the acceleration be a;. 

According to the concept of centre of mass, (in the horizontal direction external force is zero). 

та, = (М + т) a2 
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mE та,  mgsinacosa 401) 
M+m M+m 
So, the absolute (Resultant) acceleration of ‘m’ on the block ‘M’ along the direction of the incline will be, 


а = д ѕіп a - аз соѕ а 





| mgsinacos? a mcos? a 
=g sin a- ———— ————— -2gsin a |1- ————— 
M+m M+m 
А а= 
шд500|Ї---------- 
M+m 
n2 
So, a=g sina Ed ...(2) 
M+m 


Let, the time taken by the block ‘m’ to reach the bottom end be ‘t. 
Now, S = ut + (1/2) at? 
2 
asina 
So, the velocity of the bigger block after time ‘t’ will be. 





=> шог - (1/2) a? >t= 
sina 














mgsinacosa | 2h 2m?g?hsin? a cos? a 
Vm = и + aot = - = 5 
M+m asina (М + m)^asina 
Now, subtracting the value of a from equation (2) we get, 
2.2, 142 2 Ын 
\/ = 2m^g^hsin* acos о (М+ т) 
ш (М m)? sina gsina(M+msin? a) 





1/2 
SE 2m?g?h cos? а 
"C | (M+m)(M+msin2 a) 








The mass 'm' is given a velocity 'v' over the larger mass M. 

a) When the smaller block is travelling on the vertical part, let the velocity of the bigger block be v4 
towards left. 

From law of conservation of momentum, (in the horizontal direction) 

mv = (M + m) vı 





C^" Mem 


b) When the smaller block breaks off, let its resultant velocity is v2. 
From law of conservation of energy, 
(1/2) mv? = (1/2) Mv,? + (1/2) mv? + mgh 


>v = У? — М 2 29h 41) 


2= v? 12М LE T 
>V m (М+т)? — 2gh 





2: 2 1/2 
> № = (ies 2. )y2 2gh 
(M+m) 
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e) Now, the vertical component of the velocity Уг of mass 'm' is given by, 
2 2 2 
Vy = V2 -V1 











_ (М? +Мт+ т?) 2 2gh m?v? 
(М+ mf? (М+ mf 
| : М4 = Шы 
M+v 
2 2 2 
2. M^ +Мт+ т< -m* 2 
>V = Mim? м< —2gh 
2 
2 Mv 
vy = ————— —- 2gh ...(2 
= Vy (M+m) g (2) 


To find the maximum height (from the ground), let us assume the body rises to a height ‘h’, over and 
above ‘h’. 
2 
2 = Vy 
Now, (1/2)туу = mgh: > hy = 22 ...(3) 


2 
Ba: Todi НӨӨЦ ond hiver see zum. cu 
g (M + m)2g 

[from equation (2) and (3)] 

mv? 
(M + m)2g 
d) Because, the smaller mass has also got a horizontal component of velocity ‘v,’ at the time it breaks 
off from ‘M’ (which has a velocity v4), the block ‘m’ will again land on the block ‘М’ (bigger one). 
Let us find out the time of flight of block 'm' after it breaks off. 
During the upward motion (BC), 
0 = wy - gt 


>Н= 





2 1/2 
=й Жш еМ” ан ...(4) [from equation (2) 
9 g|(M+m) 


So, the time for which the smaller block was in its flight is given by, 
1 1/2 
T=24= 2| Му —2(M+m)gh 
(M 4 m) 
So, the distance travelled by the bigger block during this time is, 
mv 2 [Mv? —2(M+m)gh]'/2 











S-wT- 
2 1/2 
ors = 2mvIwv = М той 
g(M 4 m) 


Givenh « « « R. 
Gmass = 6 1 10% kg. 
Mp = 3 x 10% kg. 
Let V, > Velocity of earth 
V» — velocity of the block. 
The two blocks are attracted by gravitational force of attraction. The gravitation potential energy stored 
will be the K.E. of two blocks. 

OO axe ын tel 

la +(h/2) R+h 

Again as the an internal force acts. 
MbVb 
M 


| = (1/2) тех v + (1/2) m, x v! 


MV, = тьМь >\.= 248) 


е 
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Putting in equation (1) 


Сте X Mp 2 PZN ! 
2R+h R+h 








| (a) 
my? 2) 
= (1/2) x М.х -2-2- x ver + (1/2) Ms x Vi” 7 
M, =e eto m=3x 10 
= (12) x ть x V? | № 4 
( M 


e 





2R * 2h -2R-h 
(2R+h)(R +h) 


Ash < < < К, if can be neglected 
GMxh 2 2gh 
= = (1/2) x Vy x(3/2 > М .—— 
ag = (1/2) W^ «(3/2) b (3 


Since it is not an head on collision, the two bodies move in different dimensions. Let V4, V2 — velocities 
of the bodies vector collision. Since, the collision is elastic. Applying law of conservation of momentum 
on X-direction. 

mu, + mxo = mv, cos a + mv: cos В 

> \, COS a + v cos b = и; ...(1) 

Putting law of conservation of momentum іп y direction. 
0 = mv, sin a — мм? sin p 

= vi sin a = v sin В ...(2) DO AD o EX x 
Again % m и + 02 mv + т ху» Ё 
=u,’ = v + v ...(3) 

Squaring equation(1) 

i - v cos’ a + v cos ? В + 2 viv2 cos a cos p 
Equating (1) & (3) 

Vi + V = V1 cos? a + vo cos ^ В *2wv5cos a cos В 
— v4? sin? а + v? sin? В = 2 vv; cos a cos В 


24 
| score ve x (850 “ =| oven 


—— | (0үкц 09/2 
6x10% SEM Сее 








: V4 Sina 
= 2v sin? a = 2x v, x ^ — x cos a cos В 
=> sin a sin В = cos a cos В > cos a cos В — sin a sin p = 0 
=> cos (a + В) = 0 = cos 90° — (a * p) = 90° 
.У COS 0. 
ыг r 
^. v sin с 
i i pu 
RE 242 аф 
р} r? р2 


Let the mass of both the particle and the spherical body Бе ‘т’. The particle velocity 'v has two 
components, v cos a normal to the sphere and v sin a tangential to the sphere. 

After the collision, they will exchange their velocities. So, the spherical body will have a velocity v cos a 
and the particle will not have any component of velocity in this direction. 

[The collision will due to the component v cos a in the normal direction. But, the tangential velocity, of 
the particle v sin о will be unaffected] 


So, velocity of the sphere = v cos a = Уг? - p? [from (fig-2)] 
r 


And velocity of the particle = v sin a = ыг 
Е 


ЖЖЖЖ 
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оо 70; p = 100 rev/s ; o = 2r ; p = 200 л rad/s 
> 05005041 

>o=at 

— о = (200 л)/4 = 50 л rad /s? or 25 rev/s? 

^. 0 = @ot + 1/2 ot^ = 8 x 50 л = 400 л rad 

-. а = 50 т rad/s? or 25 rev/s® 

Ө = 400 x rad. 

0 = 100 п; t = 5 sec 

0 = 1/2 at? = 1007 = 1/2 о 25 

= а = 8r x 5 = 40 лгаа/ѕ = 20 rev/s 

-. a = 8n rad/s? = 4 гем/з? 

о = 407 rad/s? = 20 гем/з?. 

Area under the curve will decide the total angle rotated 


-. maximum angular velocity = 4 x 10 = 40 rad/s 10o} - - 
Therefore, area under the curve = 1/2 x 10 x 40 + 40 x 10 + 1/2 x 40 x 10 
= 800 rad 10 + 20 


-. Total angle rotated = 800 rad. 

a = 1 rad/s’, œ = 5 rad/s; œ = 15 rad/s 

2 М = Wo + at 

=> {= (о — Va = (15 — 5)1 = 10 sec 

Also, 0 = aot + 1/2 at? 

=5 x10 + 1/2 x 1 x 100 = 100 rad. 

Ө = 5 геу, а = 2 гем/з?, ®=0;a=? 

о? = (200) 

= о = /2х2х5 = 245 revis. 

or Ө = 10s rad, a = 4r rad/s’, oy = 0, «=? 

= V200 22 х 4л x 10x 

- And 5 rad/s = 245 rev/s. 

A disc of radius = 10 cm = 0.1 m 

Angular velocity = 20 rad/s 

-. Linear velocity on the rim = ог = 20 x 0.1 = 2 m/s 

-. Linear velocity at the middle of radius = wr/2 = 20 x (0.1)/2 = 1 m/s. 
ї= 1 ѕес, г= 1 ст = 0.01 т 

a = 4 rd/s? 

Therefore о = ої = 4 rad/s 

Therefore radial acceleration, 

A, = or = 0.16 m/s? = 16 cm/s” 

Therefore tangential acceleration, a, = ar = 0.04 m/s? = 4 cm/s’. 

The Block is moving the rim of the pulley (3 
The pulley is moving at a о = 10 rad/s 
Therefore the radius of the pulley = 20 cm 
Therefore linear velocity on the rim = tangential velocity = го 8 
= 20 x 20 = 200 cm/s = 2 m/s. 
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14. 


Therefore, the | distance from the axis (AD) = 4872 х10- 543 cm. A 

Therefore moment of inertia about the axis BC will be 

| = mr? = 200 К (5/3)? = 200 x 25 x 3 

= 15000 gm — cm? = 1.5 x 10? kg – m°. 

b) The axis of rotation let pass through A and 1 to the plane of triangle P 


Therefore the torque will be produced by mass B and C в P? Y% 
Therefore net moment of inertia = | = тг? + тг? 
= 2 x 200 x10? = 40000 gm-cm? = 4 x10? kg-m*. 

Masses of 1 gm, 2 gm ...... 100 gm are kept at the marks 1 cm, 2 cm, ...... 1000 cm on he x axis 


respectively. A perpendicular axis is passed at the 50^ particle. 
Therefore on the L.H.S. side of the axis there will be 49 particles and on 
the R.H.S. side there are 50 particles. 

Consider the two particles at the position 49 cm and 51 cm. 

Moment inertial due to these two particle will be = 


49 х 1° +51 + 1° = 100 gm-cm* 1 10 20 30 40 30 60 70 80 90 100 
Similarly if we consider 48" and 52"! term we will get 100 x2? gm-cm? 


Therefore we will get 49 such set and one lone particle at 100 cm. шог 
Therefore total moment of inertia = 48 49 51 52 


100 (1? + 22 + 3? +... + 49^) + 100(50). 
= 100 x (50 x 51 x 101)/6 = 4292500 gm-cm? 
= 0.429 kg-m° = 0.43 kg-m’. 
The two bodies of mass m and radius r are moving along the common tangent. 
Therefore moment of inertia of the first body about XY tangent. 
= mr? + 2/5 mr? 
- Moment of inertia of the second body XY tangent = mr? + 2/5 mr? = 7/5 mr? 
Therefore, net moment of inertia = 7/5 mr? + 7/5 mr? = 14/5 mr? units. 
Length of the rod = 1 m, mass of the rod = 0.5 kg 


Let at a distance d from the center the rod is moving 
Applying parallel axis theorem : 
The moment of inertial about that point 





= (mL? / 12) + та? = 0.10 

= (0.5 x 17/12 + 0.5 x d? = 0.10 

= 02 = 0.2 - 0.082 = 0.118 

= d = 0.342 m from the centre. 

Moment of inertia at the centre and perpendicular to the plane of the ring. 


So, about a point on the rim of the ring and the axis 1 to the plane of the ring, the 
moment of inertia 

= mR? + mR? = 2mR? (parallel axis theorem) 

= mK? = 2mR? (K = radius of the gyration) 

=>K= V2R? -J2 В. 


The moment of inertia about the center and 1 to the plane of the disc of 

radius r and mass m is = mr’. 

According to the question the radius of gyration of the disc about a point = | or TD 
radius of the disc. С ED 
Therefore mk? = % mr? + md? 


(К = radius of gyration about acceleration point, d = distance of that point 1/2 т? 1/2 m?«md? 
from the centre) 

= К = 12/2 + а? 

эг 002+ 0 (Ker) 

=> 22 =d а= r/42. 


т 12: (т/2/12)+та2 


Э; 
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20. 


Let a small cross sectional area is at a distance x from xx axis. 

Therefore mass of that small section = п/а? x ax dx УА y вх 

Therefore moment of inertia about xx axis 
a/2 


pos» | (т/ад)х(аах)х x? = (2x (m/a)(x? /зур?? E 
0 2 


= та / 12 5 re 
Therefore lyx = lxx + lyy 

= 2 x *та?/12)= та?/6 
Since the two diagonals are | to each other 
Therefore l7; = ls + lyy 
=> та?/6 = 2 х lyx ( because lyx = lyy) > lxx = ma?/12 
The surface density of a circular disc of radius a depends upon the distance from the centre as 
P(r)=A+Br 
Therefore the mass of the ring of radius r will be 
0 = (А + Вг) x 2nr dr x г? 


Therefore moment of inertia about the centre will be ССЭ 


а а а 

= fa +Вг)2лг xdr = [2лат?аг + |2лвгёаг 

0 0 0 

= 27A (r^/4) + 27 В(г°/5)]а = 2xa* [(А/4) + (Ва/5)]. 

At the highest point total force acting on the particle id its weight acting downward. 

Range of the particle = и? sin 27 / g 

Therefore force is at a L distance, = (total range)/2 = (v? sin 20)/2g 

(From the initial point) 

Therefore т = Fxr(0 = angle of projection) 9 

= mg x v? sin 20/2g (v = initial velocity) (v’sin26) /20 

= mv? sin 20 / 2 = mv? sin Ө cos Ө. 

A simple of pendulum of length | is suspended from a rigid support. A bob of weight W is hanging on the 
other point. — 
When the bob is at an angle 0 with the vertical, then total torque acting on the point of 
suspension zi -F xr 

—Wrsin0-zWiIsin Ө 

At the lowest point of suspension the torque will be zero as the force acting on the body 
passes through the point of suspension. 

A force of 6 N acting at an angle of 30^ is just able to loosen the wrench at a distance 8 cm from it. 
Therefore total torque acting at A about the point O 

= 6 sin 30° x (8/100) 

Therefore total torque required at B about the point O 

= F x 16/100 => Е x 16/100 = 6 sin 30? x 8/100 

>F = (8 х 3) / 16 = 1.5 М. 

Torque about a point = Total force x perpendicular distance from the рот to that force. 

Let anticlockwise torque = + ve 

And clockwise acting torque = —ve 

Force acting at the point B is 15 N 

Therefore torque at O due to this force 

= 15x 6 x 102 x sin 37° 

= 15 хбх 10? x 3/5 = 0.54 N-m (anticlock wise) 

Force acting at the point C is 10 N 

Therefore, torque at O due to this force 

= 10х4х 10? = 0.4 N-m (clockwise) 

Force acting at the point A is 20 N 

Therefore, Torque at O due to this force - 20x 4 x 10? x sin30? 

= 20x4x 10? x 1/2 = 0.4 N-m (anticlockwise) 

Therefore resultant torque acting at ‘О’ = 0.54 — 0.4 + 0.4 = 0.54 N-m. 
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24. 


25. 


The force mg acting on the body has two components mg sin 0 and mg cos 0 

and the body will exert a normal reaction. Let R = 

Since R and mg cos 0 pass through the centre of the cube, there will be no torque 
due to R and mg cos 0. The only torque will be produced by mg sin 0. 

= Е хг(г=а/2) (а = ages ofthe cube) 

=>i=mgsin Ө х а/2 





= 1/2 тда ѕіп Ө. 
А rod of mass m and length L, lying horizontally, is free to rotate about a vertical axis passing through its 
centre. 
A force F is acting perpendicular to the rod at a distance L/4 from the centre. 
Therefore torque about the centre due to this force 

i =F x r = FL/4. 
This torque will produce a angular acceleration a. 
Therefore т, = 1, х a 
=> i, = (mL^/ 12) х a (I, of a rod = mL? / 12) 
=> F i/4 = (mL? / 12) x а > a = 3F/ml 
Therefore 0 7 1/2 at? (initially at rest) 
=> 0 = 1/2 х (ЗЕ / ml) = (3F/2ml)£. 
A square plate of mass 120 gm and edge 5 cm rotates about one of the edge. 
Let take a small area of the square of width dx and length a which is at a distance x from the axis of 
rotation. 
Therefore mass of that small area 
т/а? x a dx (m = mass of the square ; a = side of the plate) 





a 
|= [(m/a?) x ax?dx = (m/a)(x? / 3)Jà 
0 
= та?/3 
Therefore torque produced = | x a = (та2/3) ха 
= ((120 x 10? х 5 x 10“)/3} 0.2 
= 0.2 x 10% = 2 х 10? N-m. 
Moment of inertial of a square plate about its diagonal is ma?/12 (m = mass of the square plate) 


а = edges of the square 
Therefore torque produced = (ma?/12) ха х ” 
= {(120 x 10? x 5? x 10 5/12x 0.2 


= 0.5 x 10? N-m. 

A flywheel of moment of inertia 5 kg m is rotated at a speed of 60 rad/s. The flywheel comes to rest due 
to the friction at the axle after 5 minutes. 

Therefore, the angular deceleration produced due to frictional force = œ = оо + ot 

=> Mo = —at (о = 0+ 


> а = -(60/5 x 60) = —1/5 rad/s”. 
a) Therefore total workdone in stopping the wheel by frictional force Чи 
W = 1/2 io? = 1/2 x 5 x (60 х 60) = 9000 Joule = 9 KJ. 


b) Therefore torque produced by the frictional force (R) is 
в =| * a= 5 х (-1/5) = IN - т opposite to the rotation of wheel. 
c) Angular velocity after 4 minutes 
> ® = @ + at = 60 — 240/5 = 12 rad/s 
Therefore angular momentum about the centre = 1 x о = 5 х 12 = 60 kg-m?/s. 








10.4 


Chapter-10 





26. 


2T. 


28. 
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30. 


31. 


32. 


The earth's angular speed decreases by 0.0016 rad/day in 100 years. 
Therefore the torque produced by the ocean water in decreasing earth's angular velocity 
t=la 
= 2/5 mi? x (o — olt 
= 2/6 x 6 x 10% x 64? x 10" x [0.0016 /(26400? x 100 x 365)] (1 year = 365 days= 365 х 56400 sec) 
= 5.678 x 10? N-m. 
A wheel rotating at a speed of 600 rpm. 
оо = 600 rpm = 10 revolutions per second. 
T = 10 sec. (In 10 sec. it comes to rest) 
0-70 
Therefore оо = —at 
=> а = -10/10 = -1 rev/s? 
=> 070g9*0t-10-1x5-75rev/s. 
Therefore angular deacceleration = 1 rev/s? and angular velocity of after 5 sec is 5 rev/s. 
œ = 100 rev/min = 5/8 rev/s = 107/3 rad/s 
0 = 10 геу = 20 x rad, r= 0.2 т 
After 10 revolutions the wheel will come to rest by a tangential force 
Therefore the angular deacceleration produced by the force = a = 02/20 
Therefore the torque by which the wheel will come to an rest = lon Ха 
=> Ехг= lm ха >F x 0.2 = 1/2 тг? x [(10л/3)? / (2 x 20)] 
> Е = 1/2 х 10 x 0.2 х 100 л? / (9 x 2 х 20л) 
= 5л / 18 = 15.7/18 = 0.87 М. 
A cylinder is moving with an angular velocity 50 rev/s brought т contact with another identical cylinder 
in rest. The first and second cylinder has common acceleration and deacceleration as 1 rad/s? 
respectively. 
Let after t sec their angular velocity will be same ‘a’. 
For the first cylinder о = 50 — ot 
=> t=(@-50)/-1 
And for the 2™ cylinder о = act 
= {= oll 
So, о = (o — 50)/-1 
=> 20 = 50 o = 25 rev/s. 
=> {= 25/1 sec = 25 sec. 
Initial angular velocity = 20 rad/s 
Therefore a = 2 rad/s? 
=> t = o/a, = 20/2 = 10 sec 
Therefore 10 sec it will come to rest. 
Since the same torque is continues to act on the body it will produce same angular acceleration and 
since the initial kinetic energy 7 the kinetic energy at a instant. 
So initial angular velocity = angular velocity at that instant 
Therefore time require to come to that angular velocity, 
t2 = о2/0 = 20/2 = 10 sec 
therefore time required = t, + t? = 20 sec. 
Inet = Inet ха 
=> Рим — Foro = (mg? + mor) x @—2 x 10 x 0.5 
= 5 x 10 x 0.5 = (5 х (1/2)? + 2 x (1/2)?) x a 
>15=7/4a 
= а = 60/7 = 8.57 rad/s’. 
In this problem the rod has a mass 1 kg 
a) Tnet = Inet ха 
= 5 х 10 х 10.5- 2 x 10 x 0.5 
= (5 х (1/2)? + 2 х (1/2)? + 1/12) x a 
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=> 15 = (1.75 + 0.084) a 


— о = 1500/(175 + 8.4) = 1500/183.4 = 8.1 rad/s? (а = 10) 


= 8.01 rad/s? (if g = 9.8) 
b) Т, -mg = mia 

= Т. = па + mig = 2(а + g) 

= 2(ar + g) = 2(8 x 0.5 + 9.8) 

= 27.6 М оп the first body. 

In the second body 

=> msg — T? = та > T; = Mog — Maa 

> T; = 5(g — a) = 5(9.8 — 8 x 0.5) = 29 М. 
According to the question 


Mg - T, = Ma ...(1) 
T2 = та ...(2) 
(Т; – T2) = 1 alr” ...(3) [because a = ra]...[T.r =I(a/r)] 


If we add the equation 1 and 2 we will get 

Mg + (Т--Т.) = Ма + та ...(4) 

= Ма- а/г? = Ма + ma 

=> (М + т + И)а = Mg 

= a = М9/(М + т + l/r’) 

| = 0.20 kg-m? (Bigger pulley) 

г = 10 cm = 0.1 m, smaller pulley is light 

mass of the block, m = 2 kg 

therefore mg — T = ma 4441) 

= Т -la/ 5212) 

= mg = (т + I/r*)a =>(2 x 9.8) / [2 + (0.2/0.01)]-a 
= 19.6 / 22 = 0.89 m/s? 

Therefore, acceleration of the block = 0.89 m/s?. 

m = 2 kg, i, = 0.10 kg-m?, r4 = 5 ст = 0.05 m 

i; = 0.20 kg-m?, r2 = 10 cm = 0.1 m 


Therefore mg - Т. = ma үр ...(1) 
(T4 – T2)r4 = На ...(2) 
Tor; = 150. ...(3) 


Substituting the value of T in the equation (2), we get 
> (t — 15 o/ri)r2 = ha 

=> (Ty - 1, a fry’) = Hair? 

> Т; = [(Lr;?) * шта 

Substituting the value of T4 in the equation (1), we get 
= mg - [(I)/r17) + га = ma 








mg 

> 2 2 =а 

(м/м + (lg /r2)] + m 

а= 2259 - 0.316 m/s? 

(0.1/0.0025) + (0.2/0.01) +2 
= Т, = Баг? = 20:59:18 58:35:50 
0.01 

According to the question 
Mg - T; = Ма ...(1) 
(T; - T4R = la/R = (T; - T1) = la/R? 44) 
(T; - T3)R = la/R? .. (8) 
> Тз – mg = та ...(4) 
By adding equation (2) and (3) we will get, 
> (T4 - Тз) = 2 la/R? ...(5) 


By adding equation (1) and (4) we will get 





m4g 
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37. 


38. 


39. 


40. 


41. 


— mg + Mg + (T; – T4) = Ма + ma ...(6) 
Substituting the value for Тз — Т; we will get 
=> Mg - mg = Ма + та + 2la/R? 

(M -m)G 


= а= ———————— 
(М+т+2/82) 


А is light pulley and B is the descending pulley having | = 0.20 kg – m^ and r = 0.2 т 


Mass of the block = 1 kg 
According to the equation 


T4 = m;a ...(1) 
(Tz- Тл) = la 542) 
m29 — M2 а/2 = T4 + T2 ...(3) 


Т2-Т. = la/2R? = 5a/2 and T4 =a (because a = a/2R) 
= Т, = 7/2 а 

= mg = Т2а/2 + 7/2 а+а 

= 21/г°д = 21/2 a/2 + 9/2 а (1/2 тг? = 1) 

= 98 = 5а + 4.5 а 

— a - 98/9.5 = 10.3 ms? 


mig sin Ө – T, = m4a ...(1) 
(Т1— Т›) = la/r? ...(2) 
T» – mg sin Ө = maa ...(3) 


Adding the equations (1) and (3) we will get 
mig sin Ө + (T2 — T4) — mag sin Ө = (т; + maja 
=> (m, — m;)g sind = (m, + m» + 1/r^)a 
а= M MISNO = 0.248 = 0.25 ms”. 
(т; +m,  1/r^) 
m,=4kg, т 2 kg 
Frictional co-efficient between 2 kg block and surface = 0.5 
R=10cm=0.1m 
|= 0.5 ко – т> 
mg sin 0 — T; 2 m4a ...(1) 
T» – (т29 sin Ө + u т29 cos 0) = тга ...(2) 
(T4 - T2) = la/r? 
Adding equation (1) and (2) we will get 
m4g sin Ө — (m;g sin Ө + рт» cos 0) + (T; — T4) = m;a + mea 


э4х98х(1//2)-(2х98х(1//2)-05х2х98х (1/2)) = (4 + 2 + 0.5/0.01)a 


= 27.80 — (13.90 + 6.95) 265a > a = 0.125 ms”. 
According to the question 

mı = 2009, | = 1 т, т = 2049 

Therefore, (T4 x r4) — (T2 х r2) — (mif x rsg) = 0 

> Tı x 0.7 -T2 x0.3-2x0.2xg=0 


=> 7T — ЗТ; = 3.92 ...(1) 
T4 + T2 = 0.2 9.8 + 0.02 x 9.8 = 2.156 ...(2) 
From the equation (1) and (2) we will get 

10 T; = 10.3 


=> Т; = 1.038 М = 1.04 М 

Therefore T; = 2.156 - 1.038 = 1.118 = 1.12 М. 

К; = uR2, R2 = 16g + 60g = 745 М 

К; x 10 cos 37? = 16g x 5 sin 37° + 60 g x 8 x sin 37? 
=> 8R, = 48g + 288g 

=> R, = 3369/8 = 412N =f 

Therefore u = R4/ R2 = 412/745 = 0.553. 








200kg 
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42. 


43. 


44. 


45. 


46. 


u = 0.54, R2 = 16g + mg ; В; = uR2 

=> К+ х 10 cos 37° = 16g х 5 sin 37° + mg x 8 x sin 37? 
=> 8R, = 48g + 24/5 mg 

48g +24/5 mg 








> К = 
8x0.54 
— 169 + та = 24.09 + 2419 _ 46 m= 240 + 24m 
5x8x0.54 40 x 0.54 
= т = 44 kg. 


m = 60 kg, ladder length = 6.5 m, height of the wall = 6 m 
Therefore torque due to the weight of the body 


а) t=600*6.5/2sin Ө =і p | 
=> 1= 600 х 6.5/2 x 1 -(6/6.5у| R, 55/7 9 
2 
=т= 735 N-m. y 600 
b) В. = mg = 60 х 9.8 
В, = uR? > 6.5 В; cos 0 = 60g sin Ө x 6.5/2 р 


> К, = 60 д tan Ө = 60 g x (2.5/12) [because tan Ө = 2.5/6] 

=> В, = (25/2) g = 122.5 М. 

According to the question 

8g-F,*F;; N4 = № 

Since, К; = R2 

Therefore Е; = F2 

=> 2Е,= 89 > Е; = 40 

Let us take torque about the point B, we will get N, x 4 = 8 g х 0.75. 

= М, = (80 х 3) / (4х 4) = 15N 

Therefore \/(Е? +N? =R; = 440? +152 = 42.72 = 43 М. 

Rod has a length = L 

It makes an angle 0 with the floor 

The vertical wall has a height = h 

R2 = mg - В, cos Ө ...(1) R, Ricosé 

К; sin Ө = uR2 ...(2) 

К; cos Ө x (h/tan Ө) + К, sin 0 x h = mg x 1/2 cos Ө 

> К, (cos? 0/sin 0)h +В, sin 0 h = mg x 1/2 cos 0 R2 

e mg xL/2cos 0 

"7 (соз? 0/sin6)h + sin Oh} AÁ 

—+ 








> В 


та! / 2cos? Өѕіп Ө 
((cos? 0/sin 0)h + sin Oh) 
mg L/2 со50.5110 
((cos? 0/ sin0)h + sin h))mg -mg 1/2 cos?0 
" L/2 cos0.sin0 х 25іп Ө 
2(cos? 0h + sin? 6h) -L cos? ӨѕіпӨ 
L cos 0sin? Ө 
2h —1 соз? 0sin0 ` 
A uniform rod of mass 300 grams and length 50 cm rotates with an uniform angular velocity = 2 rad/s 
about an axis perpendicular to the rod through an end. 
а) L=lo 
| at the end = mL7/3 = (0.3 x 0.573 = 0.025 kg-m? 
= 0.025 x 2 = 0.05 kg — m/s 
b) Speed of the centre of the rod 
V = or = w x (50/2) = 50 cm/s = 0.5 m/s. 
с) Its kinetic energy = 1/2 10? = (1/2) x 0.025 x 2? = 0.05 Joule. 





=> R; cos Ө = 


=> p = Resin 0 / R2 = 
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4T. 


48. 


49. 


50. 


51. 


52. 


53. 


| = 0.10 N-m; а = 10 ст = 0.1 m; т = 2 kg 

Therefore (та?/12) x a = 0.10 N-m 

=> а = 60 rad/s 

Therefore о = оо + at 

=> о = 60 х 5 = 300 rad/s 5 
Therefore angular momentum = Іо = (0.10 / 60) x 300 = 0.50 kg-m^/s 
And 0 kinetic energy = 1/2 I»? = 1/2 x (0.10 / 60) x 300? = 75 Joules. 
Angular momentum of the earth about its axis is 

= 2/5 ті? x (2n / 85400) | (because, | = 2/5 mr?) 

Angular momentum of the earth about sun's axis 

= mR? x (2л / 86400 x 365) (because, | = mR?) 


2/5тг? x (27/86400) 
mR? x 21/(86400 x 365) 


|=0.10М-т 


Therefore, ratio of the angular momentum = 





= (2r? x 365) / 5R? 
= (2.990 x 107) / (1.125 x 107) = 2.65 x 10°”. 
Angular momentum due to the mass m, at the centre of system is = m, r^. 


m З m.m?r? 
т 2 |o- 1.2 œ ...(1) 


m, +2 (m, + т)? 








Similarly the angular momentum due to the mass m; at the centre of system is m; 


112 
го 


2 2 

mr mom 

=m, | т | o- 21259 ...(2) 
түп (m4 4-1) 





mam2r^o | mjmjr?^o 





Therefore net angular momentum = 73 5 
(т; + т) (14-03) 


2 
туп (m, +m, )r^o m4m 
> ШАШ 2) = 1-8 ro = ur?o (proved) 
(m, - mz) (m, 4-3) 





t=la 


=> Ехг= (тг? + тг)а > 5 х 0.25 = 2mr’ х a SY 
1.25 
= а= = 20 
2x0.5x0.025 x 0.25 0.5kg 0.5kg 


Фоо = 10 rad/s, t= 0.10 sec, o = оо + at 

=> о = 10 + 010 х 230 = 10 + = 12 rad/s. 

А wheel has 

| = 0.500 Kg-m’, r = 0.2 m, o = 20 rad/s | 


Stationary particle = 0.2 kg 
Therefore l404 = 1202? (since external torque = 0) CH 


= 0.5 x 10 = (0.5 + 0.2 x 0.22); т 
=> 10/0.508 = œ; = 19.69 = 19.7 rad/s А 
|1 = 6 kg-m’, o = 2 rad/s , l2 = 5 kg-m* 

Since external torque = 0 

Therefore 1,0; = lowe 

= @ = (6 х 2) /5 = 2.4 rad/s 

ою = 120 rpm = 120 х (2л / 60) = 4r rad /s. 

lı = 6 kg - m?, Ip = 2 kgm? 

Since two balls are inside the system 

Therefore, total external torque = 0 

Therefore, Іо = lows 

>6 х 4n= 202 

=> @2 = 12 л rad/s = 6 rev/s = 360 rev/minute. 
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54. 


55. 


56. 


57. 


58. 


59. 


l4 22 x 10? kg-m? ; 1, = 3 x 10? kg-m^ ; o4 = 2 rad/s 
From the earth reference the umbrella has a angular velocity (o4 — c») 
And the angular velocity of the man will be о 
Therefore l4(64 — о) = lowe 
=> 2x 10” (2 — @2) = 3 x 10° x o 
=> бог = 4 > 2 = 0.8 rad/s. Еапп тегегепсе 
Wheel (1) has 
|, = 0.10 kg-m’, o4 = 160 rev/min 
Wheel (2) has 
l2 =? ; o» = 300 rev/min 
Given that after they are coupled, o = 200 rev/min 
Therefore if we take the two wheels to bean isolated system 
Total external torque = 0 
Therefore, 1404 + 1402 = (l4 + 1,)о 
=> 0.10 x 160 + l2 x 300 = (0.10 + l2) х 200 
> 5l2 = 1 — 0.8 > 1, = 0.04 kg-m*. 
A kid of mass M stands at the edge of a platform of radius R which has a moment of inertia |. A ball of m 
thrown to him and horizontal velocity of the ball v when he catches it. 
Therefore if we take the total bodies as a system 
Therefore mvR = (I + (M + m)R?)o 
(The moment of inertia of the kid and ball about the axis = (M + m)R?) 
ecc HUM ae 
1+(M+m)R? 

Initial angular momentum = Final angular momentum 
(the total external torque = 0) 
Initial angular momentum = mvR (m = mass of the ball, v = velocity of the ball, R = radius of platform) 
Therefore angular momentum = lo + MR?o 
Therefore mVR = lo + МВ? о 

mVR 

(1+ MR?) 

From a inertial frame of reference when we see the (man wheel) system, we can find that the wheel 
moving at a speed of о and the man with (о + V/R) after the man has started walking. 
(œ = angular velocity after walking, o = angular velocity of the wheel before walking. 
Since Xl = 0 


KAP 





Ww 01-02 from earth 


Extended torque = 0 VIR of man w.r.t. 
Therefore (1 + МВ?)о = la! + mR? (o' + V/R) the platform 
=> (1+ mR*)o + lo’ + мВ?’ + mVR 

; mVR 
> 070— Soa Oe” 
(14 mR^) 


A uniform rod of mass m length £ is struck at an end by a force F. | to the rod for a short time t 
a) Speed of the centre of mass 
ту =Ft>ve= Et 
m 
b) The angular speed of the rod aboutthe centre of mass 
fo —r xp 
= (т / 12) x o = (1/2) x mv 
=> mË / 12 x o = (1/2) to 
>0=6Ft/m? 
c) KE. = (1/2) mv? + (1/2) {®° 
= (1/2) x m(Ft/ т)? (1/2) бо? 
= (1/2) x m x ( F*t?/m?) + (1/2) х (2/12) (36 x( F/m?) 





10.10 


Chapter-10 





60. 


61. 


-F^t/2m + 3/2 (ЕЭ )/т-2Е t/m 

d) Angular momentum about the centre of mass :- 
L=mvr=mx Ft/m x (1/2) -F1t/2 

Let the mass of the particle = m & the mass of the rod = M 
Let the particle strikes the rod with a velocity V. ринит. 
If we take the two body to be a system, e 
Therefore the net external torque & net external force = 0 M 
Therefore Applying laws of conservation of linear momentum 

MV' = mV (V' = velocity of the rod after striking) 

—V'IV-m/M 

Again applying laws of conservation of angular momentum 








mVR 
ыг E 
mVR _ MR? л МВт 
> = х— >t= 
2 12 2t m12xV 


Therefore distance travelled :- 
МВл\ м M Rr _ Ra 
m12z 





V'tzV' = —х—х = 
М т 12 12 
а) If we take the two bodies as a system therefore total external force = 0 
Applying L.C.L.M :- 
mV = (М + т) у 


А 
А { 


A a HES RR Soin ee 


M+m 
b) Let the velocity of the particle w.r.t. the centre of mass = V' e 
] | ; 


mx0+Mv Mv 


> V =  >\у= 
M+m M+m 


If the body moves towards the rod with a velocity of v, i.e. the rod is moving with a velocity — v 
towards the particle. 
Therefore the velocity of the rod w.r.t. the centre of mass = V 
MxO-mxv  -mv 
M+m M+m 

The distance of the centre of mass from the particle 
. MxI/2*mxO Мх1/2 
7 — (M«m) (M+m) 
Therefore angular momentum of the particle before the collision 
-|o-Mrcmo 
= m{m 1/2) / (M + m) x V/ (1/2) 
= (тМ?м) / 2(M + m) 
Distance of the centre of mass from the centre of mass of the rod = 

1 _ МхО+штх (1/2) (ml/2) 

ко (М+т) (М+т) 
Therefore angular momentum of the rod about the centre of mass 
= МУ, Rem 
= M x {(—mv) / (M + m)} {(ml/2) / (M + m)) 
-Mm?lv| Mm?lv 
2(М+т)? | 2(M«mf 
e) Moment of inertia of the system = М.1. due to rod + М.1. due to particle 





— 





Cc 


~ 


>V = 





d 


— 








(If we consider the magnitude only) 
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_ MI? | M(ml/2? | m(MI/s)? 
12 (M«mf? (M+m)? 
_ MP(M+ 4m) 
12(M+m) ` 


Мх0-тү mV 
(M 4 m) (M+m) 
(Velocity of centre of mass of the system before the collision = Velocity of centre of mass of the 
system after the collision) 
(Because External force = 0) 
Angular velocity of the system about the centre of mass, 
Pom = lem (9) 


f) Velocity of the centre of mass Vm = 





=> MVy x f, + mV, x f, = logo 
Mx м, Mv М _ MP(M+4m) 
(M+m) 2(M+m) (M+m) 2(M+m) 12(M+m) 
Mm?vl+mM?vl _ MI?(M+ 4m) b 
2(M + mf? 12(M+m) 
Mm/(M+m) МЁ(М--т) 
2(M+m)* — 12(M+m) 
6mv 


> — — =o 
(М + 4m) 























62. Since external torque = 0 


63. 


Therefore 110; = l2 w2 

















де ml? | ml? тш 
4 4 2 
Qj =@ 
bz 20017 | ml? _ Зи? 
4 4 4 
ü 
ei 
Therefore о> = hr e 5 ыг 
1 3ml? 3 
4 


Two balls A & B, each of mass m are joined rigidly to the ends of a light of rod of length L. The system 

moves іп a velocity Ус in a direction L to the rod. A particle P of mass m kept at rest on the surface 

Sticks to the ball A as the ball collides with it. 

a) The light rod will exert a force on the ball B only along its length. So collision will not affect its 
velocity. 

B has a velocity = vo 

If we consider the three bodies to be a system Vo 


Applying L.C.L.M. 
Therefore mv, = 2mv' > v' = “2 


Therefore A has velocity = E 
b) if we consider the three bodies to be a system 
Therefore, net external force = 0 


Vo 


mxvgo- an 2 | 2 
Therefore Vom = = По +70 2 (along the initial velocity as before collision) 


m+2m 3m 
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64. 


65. 


66. 


c) The velocity of (A * P) w.r.t. the centre of mass - 2d а = x & 
| 2v Vo 
The velocity of B w.r.t. the centre of mass vo ur - EE 
[Only magnitude has been taken] 
Distance of the (A + P) from centre of mass = 1/3 & for B it is 2 1/3. 
Therefore Pom = lem х © 
2 2 
Epis Л сл sag бэ ur «m| 2! хо 
6 3 3 3 3 3 
бту!  6ml _ Vo 
=——хо == — 
18 9 21 
The system is kept rest in the horizontal position and a particle P falls from a height h and collides with 
B and sticks to it. 


Therefore, the velocity of the particle ‘р’ before collision = ./2gh 








If we consider the two bodies P and B to be a system. Net external torque and force = 0 
Therefore, m,/2gh = 2m x v 1 


= у = /(200)/2 M 
Therefore angular momentum of the rod just after the collision A a) 
y 


= 2т (м хг) = 2тх J(2gh)/2x1/2 > mlJ(2gh)/2 


L ml. /2gh 2/gh -/Воп 
о=—= = = 
| 2402/4-2012/4) 3l 3l 
b) When the mass 2m will at the top most position and the mass m at the lowest point, they will 
automatically rotate. In this position the total gain in potential energy = 2 mg х (1/2) — mg (1/2) = 
mg(I/2) 
Therefore > mg 1/2 = 1/2 102 


= mg 1/2 = (1/2 х ЗтР) / 4 х (8gh / 901?) 





=> h = 31/2. 
According to the question 2m 
0.44 — Т, = 0.4 а ...(1) 
T2-0.2g = 0.2 а ...(2) 
(T4 – T2)r = la/r ...(3) 
From equation 1, 2 and 3 
m 
сал (0.4 — 0.2)g -015 





(0.4+0.2+1.6/0.4) 


Therefore (b) V = J2ah = (2х gl? х 0.5) 
= A(g/5) = (9.8/5) = 1.4 m/s. 


a) Total kinetic energy of the system 

= 1/2 mV? + 1/2 m, V? + 1/2 18? 

= (1/2 x 0.4 x 1.4?) + (1/2 x 0.2 x 1.4?) + (1/2 x (1.6/4) x 1.47) = 0.98 Joule. 
| = 0.2 kg-m?, г = 0.2 т, К = 50 N/m, 





т = 1 kg, 9 = 10 ms?,h 20.1m ши 
Therefore applying laws of conservation of energy 

mgh = 1/2 mv? + 1/2 kx? 

—121/2x 1x V? + 1/2 x 0.2 x V? /0.04 + (1/2) x 50x 0.01 (x =h) N 
=>1=0.5v° «25v + 1/4 Ga ЖЕР 


> Зу? = 3/4 
= у = 1/2 = 0.5 m/s 
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67. 


68. 


69. 


70. 


71. 


72. 


Let the mass of the rod = m 
Therefore applying laws of conservation of energy 


1/2 ю = mg 12 
= 1/2 x М1?/З x o? = mg 1/2 
= o = 39/1 


> о = 439/1 = 5.42 rad/s. 


1/2 102-0 = 0.1х 10 x 1 
= о = 20 


For collision 
0.1 x 1? x J20 + 0 [(0.24/3)х1? + (0.1)? 1? 


= o' = 4/20 /[10.(0.18)] 

=> 0-1/2 o? = -mg I (1 — cos 0) - mag 1/2 (1 — cos Ө) 
= 0.1 x 10 (1— cos Ө) = 0.24 x 10 x 0.5 (1 — cos Ө) 

— 1/2 x 0.18 x (20/3.24) = 2.2(1 — cos 0) 

=> (1- cos Ө) = 1/(2.2 x 1.8) 

—1-cos 0 = 0.252 

= cos 0 =1- 0.252 = 0.748 

> о = cos ! (0.748) = 41°. 

Let | = length of the rod, and m = mass of the rod. 

Applying energy principle 

(1/2) Ї s mg (1/2) (cos 37? — cos 60°) 


1 ml? > (s 7 
> -x o =тах—|--— It 





Адат (12 - mg B sin 37° = mgl x 2 


ла = 0.9 | - angular acceleration. 


So, to find out the force on the particle at the tip of the rod 


Е, = centrifugal force = (dm) e? | = 0.9 (dm) g 
F, = tangential force = (dm) a | = 0.9 (dm) g 


So, total force Е = Е? -ЕС| 20.942 (dm) 9 


A cylinder rolls in a horizontal plane having centre velocity 25 m/s. 


A 
At its age the velocity is due to its rotation as well as due to its leniar motion & this two ( 3 
25 m/s 


velocities are same and acts in the same direction (v 7 r o) 


Therefore Net velocity at А = 25 m/s + 25 m/s = 50 m/s 


im 


0.1kg 





A sphere having mass m rolls on a plane surface. Let its radius R. Its centre moves 


with a velocity v 
Therefore Kinetic energy = (1/2) lo? + (1/2) mv? 


= 1.2 mR? x У im? = 2 ту? + Тим? = 
2 5 R? 2 10 2 10 

Let the radius of the disc = R 

Therefore according to the question & figure 

Mg- T = ma 4441) 

& the torque about the centre 

=TxR=lxa 

— TR = (1/2) mR? xa/R 








Е BUD) 


2 


7 


v = — mv 


10 


mg 


mg 
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74. 


75. 


76. 


> Т = (1/2) ma 
Putting this value in the equation (1) we get 
> mg - (1/2) ma = ma 
= тд = 3/2 та = a = 29/3 
А small spherical ball is released from a point at a height оп a rough track & the sphere does not slip. 
Therefore potential energy it has gained w.r.t the surface will be converted to angular kinetic energy 
about the centre & linear kinetic energy. 
Therefore mgh = (1/2) 102 + (1/2) mv? | m 
h 


= mgh = 5х2 mR? o? + Im? 


=>gh= 1 + їр 
5 2 


2. 10 [10 
v= —gh>ve= .|-— “И 
> 791 7 9 


A disc is set rolling with a velocity V from right to left. Let it has attained а height h. 
Therefore (1/2) mV? + (1/2) lo? = тай 


m 
= (1/2) mV? + (1/2) x (1/2) mR? ©? 2mgh : 
=> (1/2) V? + 1/4 V? = gh = (3/4) V? = gh 
v? 
= — xX — 
4 g 


A sphere is rolling in inclined plane with inclination 0 
Therefore according to the principle 
Mgl sin Ө = (1/2) lo? + (1/2) mv? Со) 


— mgl sin 0 = 1/5 mv? + (1/2) mv? 
Gl sin 0 = 7/10 o° ER A 


[10 : 
>ve= ,|-—glsinð 
79 


A hollow sphere is released from a top of an inclined plane of inclination 0. 
To prevent sliding, the body will make only perfect rolling. In this condition, 
mg sin 0 — f = ma ...(1) 

& torque about the centre 

ї{хв= 25? x 2 
3 R 


2 
f- —ma ...(2 
aii (2) 





Putting this value in equation (1) we get 


2 2 3 : 
= mg аше шаат си 
: 3 : 2 : 
ыы и 
2 1 2 
хас лаг а 


b) - {ап Ө (mg cos 0) В = 2 MR? а 





_ 3 gsiné 
> а= — х 
10 R 


a. =g sin Ө— [sin 0 = 4 sin 
5 5 
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78. 


79. 





Eta 2s р: 2 З 5 
а, [sm J 209 ѕіпӨ 
5 


Again, œ = at 
К.Е. = (1/2) ту? + (1/2) Io? = (1/2) m(2as) +(1/2) | (o? €) 











| 2 oin? 
апе а 1 „2 тр?» 9 9 ѕіп 0, 5 
2 5 2 3 100 R 2gsin0 
- 4mglsinó  3mglsino -7 mgl sin Ө 
5 40 8 
mv? 





Total normal force = mg + 


= mg (R - г) = (1/2) 102 + (1/2) ту? 


—mg(R-r)- gm кун 


mg*mv?/(R-r) 


7 2 2: 10 
— mv = mg(R-r v= — g(R-r 
S 9( ) > 7 9( ) 


mg + ШЕ; -r) 





Therefore total normal force = mg + = тд + mg (2) = 17 mg 





R-r 7 7 

At the top most point 

2 
M 2mgov^-g(R-r) 
R-r 
Let the sphere is thrown with a velocity v' 
Therefore applying laws of conservation of energy 
=> (1/2) m? + (1/2) lo? = mg 2 (R - г) + (1/2) m? + (1/2) 102 Q 


7 2i 7 2 
—v" =g2(R-r)+— 
“арт Pec HY 


>? = 2 g (R -r) * g (R- r) 


= = Z К-т) 


a) Total kinetic energy y = (1/2) mv? + (1/2) lœ? 
Therefore according to the question 
mg H = (1/2) mv? + (1/2) lo? + mg В (1 + cos 0) 


= mg H - mg (1 + cos 0) = (1/2) mv? + (1/2) lo? O 
= (1/2) ту? + (1/2) lo” = mg (H- R- К зіп Ө) H АЯ 
b) to find the acceleration components Bg. 


=> (1/2) mv? + (1/2) lo? = mg (H - R - R sin 0) 
= 7/10 mv? = mg (H - R- R зіп Ө) 


2 
“= 0 [ЕУ 1-sin 1 » radical acceleration 





R 7 R 


>v = 10 (НВ) Rsine 


7 
> 2% ЗУЛ 10 JR cos 0 99 
dt 7 dt 
= о К a =- 5 gRcos0 d 
dt 7 d 
dv 5 : І 
> de =- 7 g cos Ө > tangential acceleration 
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80. 


81. 


82. 


83. 


с) Normal force at 0 =0 


2 
— ШУ — 70 «2008-91. 5м 





R 1000 7 0.1 
Frictional force :- 


x20 = 0.2N 








7 100 


Let the cue strikes at a height ‘h’ above the centre, for pure rolling, V. = Ко 
Applying law of conservation of angular momentum at a point A, 


mv,h — fo = 0 x 
° 3 R R/ 


2R 
3 
A uniform wheel of radius R is set into rotation about its axis (case-l) at an angular speed œ 
This rotating wheel is now placed on a rough horizontal. Because of its friction at contact, the wheel 
accelerates forward and its rotation decelerates. As the rotation decelerates the frictional force will act 
backward. 
If we consider the net moment at A then it is zero. 
Therefore the net angular momentum before pure rolling & after pure rolling remains 


f-mg-ma-m(g-a)-m(10- 2 x10) = 0.07 iu =! 


hz 


constant м 
Before rolling the wheel was only rotating around its axis. 
Therefore Angular momentum = £ œ = (1/2) МВ? о ...(1) (1° case) 


After pure rolling the velocity of the wheel let v 

Therefore angular momentum = {м o + m(V x К) 

= (1/2) mR? (V/R) + mVR = 3/2 mVR ...(2) 

Because, Eq(1) and (2) are equal 

Therefore, 3/2 mVR = % mR? о © case) 
> М= о К/З 

The shell will move with a velocity nearly equal to v due to this motion а frictional force well act in ће 
background direction, for which after some time the shell attains a pure rolling. If we 

consider moment about A, then it will be zero. Therefore, Net angular momentum м 

about A before pure rolling = net angular momentum after pure rolling. E H 
Now, angular momentum before pure rolling about A = M (V x R) and angular 

momentum after pure rolling :- "m case) 
(2/3) MR? x (Vo / R) + M Vo R 

(Vo = velocity after pure rolling) 

=> MVR = 2/3 MVoR + ММВ 

> (5/3) Vo = V 

> Vo =3V/5 me case) 
Taking moment about the centre of hollow sphere we will get 


FXR- ЗМ? a 


Е 
ЗЕ 
= а= —— 
2MR 


Again, 2x = (1/2) at? (From 0 = wot + (1/2) ot^) 


149) 


2. 8лМВ. 
>t Sees 
3F 
F 
а, = — 
т 
> X = (1/2) act” = (1/2) = ER 
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84. 


85. 


86. 


If we take moment about the centre, then 
FxR= laxfxR F 


> Е = 2/5 mRa + итд ...(1) 
Again, F = ma, — u mg ...(2) Є 
ap s ато 

m 


Putting the value a, in eq(1) we get 
эхх т) t umg 
m 





5 
=> 2/5 (F + u mg) + и mg 


>F= 22 Блох 505540 
5 5 7 


ЗЕ ы 5 

5 7 7 

F= 2х2 = 10 333K 
3 3 


a) if we take moment at A then external torque will be zero 

Therefore, the initial angular momentum = the angular momentum after rotation stops (i.e. only leniar 
velocity exits) 

MV xR-f@=MVo*xR 

=> MVR - 2/5 x MR? V / R = MVo R 

> Vo = 3V/5 

b) Again, after some time pure rolling starts 
therefore => Мх v, x R = (2/5) MR x (У/В) + MV'R 
=> m x (3V/5) x R = (2/5) MV'R + МУК 

> М = 3\/7 

When the solid sphere collides with the wall, it rebounds with velocity 'v' towards left but it continues to 
rotate in the clockwise direction. 

So, the angular momentum = mvR - (2/5) mR? x v/R 

After rebounding, when pure rolling starts let the velocity be v' 
and the corresponding angular velocity is v' / R 

Therefore angular momentum = mv’R + (2/5) mR? (v’/R) 

So, mvR - (2/5) mR’, v/R = mvR + (2/5) mRA(v'/R) 

mvR x (3/5) = mvR x (7/5) 

v' = 3v/7 

So, the sphere will move with velocity 3v/7. 








хо олж 
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Gravitational force of attraction, 
F- GMm 


r? 


_ 6.67 x10! x10x10 
р (0.1)? 

To calculate the gravitational force оп 'm' at unline due to other mouse. 
— _ Gxmx4m _ 8Gm? 





= 6.67 x 107 № 













































































= = А Е 
Ғор (а/г2)2 a? m Tom 
== 2 Gxmx2m | 6Gm? 
ы (a/r?)? а^ 
Ес 2 Gxmx2m _ 4Gm? ш 227 
= (а /г2)2 а? 
p..Gxmxm. 28m? 
95 (alr?) a? 
2 2 
— Gm? Gm? Gm? 
Resultant For = м =2 | ex 42 | = 10—; 
2 2 
— Gm? Gm? Gm? 
Resultant Ро = м : | “| 2 | = 2/5 5 
а а а 
The net resultant force will be, 
2)? 2)? 2 
F= {oo | EE | AS jaws 
a a a 
Gm? Y Gm? Y 
- | 5 | (20-408 - | 5 | 20-20.) 
а а 
2 2 
= Sm" [494 = 442 ОТ 
a a 
a) if ‘т’ is placed at mid point of a side 
= 2 
then Род = Ын in OA direction Am 
2 
Fos = cT in OB direction D 
Since equal & opposite cancel each other B С 
= 2 2 m m 
Eo LC цг M in OC direction 
[3/2 Ї За 
4Gm? Anm 


Net gravitational force on m = 





2 
a 
b) If placed at O (centroid) 


E 2 2 
fer IN дош T TUO e ed 
(alr) 2 


a m m 
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—  3Gm? 
Fog 7 2 
a 





Resultant Ё = Нэвт | | 
а 


2 
Since Рос = шан 











3Gm? 














a? 


2 
| 1. 3Gm? 
x I 


2 a? 


equal & opposite to F, cancel 





2 
a 

Net gravitational force -0 

— Gm? ; Gm? : 

Ёсв = cos 60i – sin 60) 

08 4a? 4a? 

= Gm? 5 Gm? : > 

Fca = cos 601 sin60 

CA 7 7412 да? ) 

F = Fog + Fca 

2 А 2 2 
= M sin60j = an 3 = Bem 
4a 4a 2 4a 

Force on M at C due to gravitational attraction. 
-—  Gm?. 

Ёсв = og?! 

—  -GM?^. 

Fcp = ард Ї 


-GM? 





— a GM? . s 
Fan = cos 45j + sin45 
CA AR I aR? 


2 


So, resultant force on C, 








Fo = РКА + Fog + Fep 
GM? 1); GM? 11 
= >| 2+ іч 7|21 j 
4R 42) 48 42 





ши 2 +1) 


4R? 


For moving along the circle, F= 





or GM? (22 | 1) = му 


4R? 


mv? 


GM _ 667x107x74x107 _ 





T зм 2 
| R| 4 


49.358 10" 





(R «nf (1740 +1000)? x 109 


_ 49.358 x 10"! 


0.75 x10? 
The linear momentum of 2 bodies is O initially. Since gravitational force is internal, final momentum is 


also zero. 


7 2740x2740 x10? 


= 65.8 x 102 = 0.65 m/s? 


So (10 kg)v; = (20 kg) v2 


Or V4 = V2 


it) 


Since P.E. is conserved 


Initial Р.Е. = 


-6.67 x10711x10x20 _ 





1 


When separation is 0.5 m, 


13.34x10 ? J 


v 


oN ш 
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10. 


11. 


—13.34 x10? 
(1/2) 

=> – 13.34 x 10? = -26.68 x10? + 5 v? + 10 v? 
— — 13.34 x 10? = -26.68 x10? + 30 v? 

2. 13.3410? 

2 30 

— у = 2.1 x 10? m/s. 
So, у; = 4.2 x 10? m/s. 


13:34 x 10° +0 = + (1/2) x 10 vy? + (1/2) x 20 v? 


>v -444 x 1077 


...(2) 


In the semicircle, we can consider, a small element of d, then R d0 = (M/L) R 90 = ам. 














_ GMRd0m 

pus 
LR 
дЕ, = 2dF since = 26Mm т ө др, 
“Р 2GMm 2GMm 
ЛЕ = ) T3 эт 640 = [-cos o]? 
ei emm, 1) = 2GMm _ 2GMm , 2xGMm 
Е LR LR LxL/A L? 
A small section of rod is considered at ‘x’ distance mass of the element = (M/L). dx = dm 
. G(dm)x1 . 

dE, = ор dE 
Resultant dE = 2 dE, sin 0 
Ee G(dm) d _ 2xGMxd dx 





(a? e c? + х2) Е TS a? + x2 | 


Total gravitational field 


З2  2Gmddx 
E- | 


12 
0 (а? + х2) 
Integrating the above equation ії can be found that, 
2GM 


dJL? + 4d? 


The gravitational force on ‘п’ due to the shell of M; is O. 


M is at a distance Ба 
Then the gravitational force due to M is given by 
. GMgm , 4GMm 
(Rı+Rz;2 (А, +8) 
Man of earth М = (4/3) хА?р 
Man of the imaginary sphere, having 
Radius = x, M' = (4/3)nx p 








M' x3 
or — = — 
M R 
-. Gravitational force on F = Som 
m 
GMx?m | GMmx 
or F = = 
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12. Letd be the distance from centre of earth to man 'm' then 


2 
D- e -(12) J4x? +R? 


M be the mass of the earth, M' the mass of the sphere of radius d/2. : 
Then М = (4/3) хВ?р 
M' = (4/3)ла? т 


M d 
or — = — 
M R 
-. Gravitational force is m, 
p. Gmm. GdêMm _ GMmd 





d? ВЗа? R? 
So, Normal force exerted by the wall = F cos0. 
= Mmg х Rz Mm (therefore | think normal force does not depend on x) 
R? 2d 2R? 
13. а) т’ is placed at a distance x from ‘О’. 
If r « x , 2r, Let's consider a thin shell of man 

















_ m 4 3з mx 
= 2 OS =-з 
(4/3yr* 3 r 
3 
mx 
Thus [dm m 18 
О 
37,3 
Then gravitational force F = Emm = сша Ш = omz 
x x r 
b) 2r < x < 2R, then F is due to only the sphere. 


. Gmm' 

(кт) 
C) if > 2R, then Gravitational force is due to both sphere & shell, then due to shell, 
GMm' 
(х-к)? 


due to the sphere = 


Gmm' 

(x-rf 
Gmm' " GMm' 
(к-г? — (x-RF 

14. At P4, Gravitational field due to sphere M = Be - EM 


(За+а? 16а? 
At P5, Gravitational field is due to sphere & shell, 49 


GM, GM ev | а arn P. le 
(a-4a-ay (4а+а)2 а? (36 25 900 / a? Р, а 
15. We know in the thin spherical shell of uniform density has gravitational field at its internal point is zero. 





So, Resultant force = 








At A and B point, field is equal and opposite and cancel each other so Net field is 


zero ик CB 
Hence, E, = Ев 22 T 


16. Let 0.1 kg man is x m from 2kg mass and (2 — x) m from 4 kg mass. 
.2x0.1.  4x0.1 


x? (2—-х)? 
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17. 


18. 


19. 


20. 


21. 











o 02... 94 

x? (2-х)? 
ог — = 5 = ог(2-ху-2х 

x (2-х) 
ог2-х-42хог х(г2 + 1) = 2 
огх = Е se 0.83 m from 2kg mass. 

2.414 " 
Initially, the ride of A is a 
To increase it to 2a, a a 
Gm? Gm?  3Gm? 
work done = | = 
а 2а т а m 100g 


Work done against gravitational force to take away the particle from sphere, 
_ 6х10х0.1 _ 6.67x10 x1 
0.1x0.1 1x107 


Е = (5 N/kg) i + (12 N/kg) | 

a) F-Em 

= 2kg (5 N/kg) i + (12 N/kg) j] = (10 N) Î + (12 N) | 
[|= v100 +576 =26N 

b V=Er 

At (12 m, 0), V =- (60 J/kg)i М = 60 J 





= 6.67 x 107? J 


10kg 


At (0, 5 m), V =- (60 J/kg) j М =-60J 
И, А Я 1125) 
c)AV = ЈЕ mdr = [чому + гам] o; 
(бо) 
--(120Ji + 120J i) = 240 J 


d)Av-- kaoni +24М] л, | 


=-120 j +120 i =0 

a) V = (20 N/kg) (x + y) 

GM _ MLT”? es MTM _ м?т? 
R M L M 

Or M "DT EM'ET 

- L.H.S = R-H.S 

b) E =- 20(N/kg) i — 20(N/kg) | 





Xy) 
с) Е = Ем 

= 0.5kg [- (20 N/kg) i – (20 N/kg)j 5-10М i -10N | 
<. IF] = 4100-100 = 10 /2 № 

Е -2i +3] 


The field is represented as 

tan 04 = 3/2 А 3 

Again the line 3y + 2x = 5 can be represented as Ч 0: ! 
A 


tan 06; = — 2/3 
mı M? = —1 
Since, the direction of field and the displacement are perpendicular, is done by the particle on the line. 





5/2 2j 
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22. 


23. 


24. 


25. 


26. 


2T. 


28. 


Let the height be h 
GM 
(R «hy? 
Or 2R?= (В + hy 
Or J2R=R+h 
Or h = (гг — 1)R 
Let g' be the acceleration due to gravity on mount everest. 


23 
R 


zo a4... 17696 
6400000 


Let g' be the acceleration due to gravity in mine. 


d 
Then g’= 9| 1-— 
о- [1-4 





GM 
202) = = 


| = 9.8 (1 — 0.00276) = 9.773 m/s? 


- 9.8 55 = 9.8 х 0.9999 = 9.799 m/s? 
6400х10 


Let g' be the acceleration due to gravity at equation & that of pole = 9 
=д-® К 

= 9.81 — (7.3 x 107) x 6400 x 10? 

- 9.81 — 0.034 

- 9.776 m/s? 

mg' = 1 kg x 9.776 m/s? 

= 9.776 М or 0.997 kg 

The body will weigh 0.997 kg at equator. 

At equator, g’ = g— oR ...(1) 

Let at 'h' height above the south pole, the acceleration due to gravity is same. 


Then, here g' = g 1-2) ...(2) 
2 2h 
g-o R= 1--- 
а-488-0(1-2)| 
2 
or 1225 = pa 
g R 


252 -5 3 

ono 9282 _ rato sf (моно _ 
2g 2x9.81 

The apparent 'g' at equator becomes zero. 


ie.g'-gd-e R=0 





11125 М = 10Km (approximately) 








or д = ©? В 
oro- | - | 9.8 5 = \/1.5х10-8 = 1.2 x 10? rad/s. 
В \бва00х10 
= 2® = 2*914_ 45x 10 sec. = 1.41 hour 
o 12x10 


a) Speed of the ship due to rotation of earth v = oR 
b) То = mgr = mg - то? R 

^ Ty - mg = то? В 

с) If the ship shifts at speed 'v 

T2mg-mo;^R 











Т = Те + 20у т 
29. 


According to Kepler's laws of planetary motion 
Т a RÊ 


2 3 
Tn Rms 
TA Re 





Roy t =) 
Res 1 
Rms = 


Ве 





(1.88)? = 1.52 


r3 
30. Тэ2л 


GM 


5 
27.322x 3.14 шан. 
6.67х10 xM 
5 
M 23.14 «(3.84 x10 f 
6.67х10 xM 
2 3 15 
or Ma 2x G-14Y x (8.84 x10 


= 6.02 x 10” к 
3.335 x10 (27.3? 9 


mass of earth is found to be 6.02 х 10% kg 
P 
31. T=2n 


GM 








3 3 
=> 27540 =2х 3.14 9.4x10° x10 


6.67 x10 xM 


= (6.28) (0.41087 
| 6.67 x10  xM 
qus (6.28)? x (9.4)? x10? 


= 6.5 x 10? kg. 
6.67 x10711 x (27540)? ? 
32. а)У- [M (ee 
r«h r+h 


9.8x (6400 x10)? 
10° x (6.4 +2) 
b) К.Е. = (1/2) ту? 
= (1/2) 1000 x (47.6 x 10°) = 2.38 х 10'? J 
epi E Mm 


or (27540)? 











= 6.9 x 10? m/s = 6.9 km/s 








-(R«h) 
-11 24 3 13 
__ 667x107 x6x10 20 z MOTOS s cep ну 
(6400 + 2000) 10 8400 
a) T= 2504) . 2x3.14 x8400 x 10? 
6.9х107 


76.6 х 10? sec = 2.1 hour 
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33. Angular speed f earth & the satellite will be same 

















21 . 2n 
Ts. dS 
3 
аа | or 1213600 = 3.14 |+) 
24 x 3600 (R+h) gR 
2n 2 
gR 
a (R+h)? _ (12х3600)? Р (6400 +h)? x10? _ (123600)? 
gR? (3.14)? 9.8 x (6400)? x 10° (3.14)? 
3 9 
ог (6400 +h) à E 
6272 x10 


or (6400 + h)? = 6272 x 432 x 10° 
or 6400 + h = (6272 x 432 х 105)? 
or h = (6272 x 432 x 10$)" — 6400 








- 42300 cm. 
b) Time taken from north pole to equator = (1/2) t 
3 3 1 
10x(6400)* x10 (64)? x10 


- 3.14 е" = 6 hour. 
64x64 x10 


34. For geo stationary satellite, 


г= 4.2 x 10* km md 


h = 3.6 x 10* km 
Given mg = 10 М 


3 
ый (6400 «103 f _ 40% зн 
(400103 +3600x10°F | 17980 








35. Т= 2л 


4n? Вэ? 


-. Acceleration due to gravity of the planet is = E 
1 


36. The соїа шав is given by д. 
ZOAB = 90? — ZABO 
Again ZOBC = $ = ZOAB 
6400 _ 8 
42000 53 


“= sin’ ЕЗ = sin ! 0.15. 


z. Sin $ = 
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37. The particle attain maximum height = 6400 km. 


38. 


39. 


On earth's surface, its P.E. & K.E. 
a 





E, = (1/2) mv? + | ...(1) 


In space, its Р.Е. & К.Е. 
Es — (- a +0 
R+h 
GMm 
E, = | -—— ...(2 v ЕВ 
| OR | 2) ( ) 
Equating (1) & (2) 
GMm 1 2 GMm 
mv^ = 


R 2 2R 


Or (1/2) ту? = GMm ех 





2R R 

Огу? = OM 
R 

6.67 x10711 x6x107 

6400 x 10? 

_ 40.02x 107? 

6.4 x 108 
= 6.2 x 10’ = 0.62 x 10% 
Or v = 40.62x10? = 0.79 x 10° m/s = 7.9 km/s. 


Initial velocity of the particle = 15km/s 
Let its speed be 'v' at interstellar space. 


-.(1/2) m[(15 x 103)? – v^] = Ї шэн 
х 








dx 


=> (1/2) m[(15 x 103)? – v^] = emm -+| 
X в 

= (1/2) m[(225 x 105) - v4] = on 

= 2x6.67 х10-1! х6 х 1024 


= 225 х 10° - v? 5 
6400 x10 





= №? = 225 х 10° — x 10? 


40.02 
32 
= №? = 225 x 10° — 1.2 x 10° = 10? (1.05) 

Or v = 1.01 х 10* m/s or 

= 10 km/s 
The man of the sphere = 6 x 102 kg. 
Escape velocity = 3 x 10? m/s 


v, = 8M 
R 


_ 2GM 


2 
с 


- 2x6.67 x10! х6х102* _ 80.02 
(зх10° 9 


Or R 








o he HN 


x 10? = 8.89x 10? т = 9 mm. 
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Given, г = 10cm. 
Att=0,x=5cm. 
Т = 6 sec. 


At, ї= 0, х = 5 ст. 
So, 5 = 10 sin (w x 0 + ф) = 10 sin ф [y = г sin wt] 


Sin$- 254-7 с 


-. Equation of displacement x 7 (10cm) sin |= 
(ii) Att 4 second 
х= 10 sin |*x447| =10 sin |8717 

3 6 6 


- 10 sin ЕЭ = 10 sin 69 = - 10 sin B --10 
2 2 2 


2 
Acceleration а = — мх = 45| х (-10) = 10.9 = 0.11 cm/sec. 
Given that, at a particular instant, 

X = 2cm = 0.02m 

М = 1 m/sec 

А = 10 msec”? 

We know that a = ох 


Во = 119 = 500 = 1045 
x 0.02 
2 


17:22 255, 2 ОЕ ПО 
o 105  10x2.236 


Again, amplitude r is given by v = Е -x?) 


>v =o (f — x’) 

1 = 500 (r^ — 0.0004) 

= г = 0.0489 = 0.049 m 

/. т = 4.9 ст. 

r = 10cm 

Because, K.E. = P.E. 

So (1/2) m о? (г2– y?) = (1/2) m oy? 





уг = у? 2у^=г у = Е = = 542 cm form the mean position. 
Vmax = 10 cm/sec. 

—ro-10 

ages 100 441) 


2 


Атах = от 50 cm/sec 
yy эс = 542) 
у r 
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100 50 
арт эг 2 ст. 
r r 
= 100 = 5 sec” 
r 


Again, to find out the positions where the speed is 8m/sec, 
2 = o (г? Y. у?) 
—64-225(4- у?) 
>4- y? - A = у? = 1.44 > y = {1.44 > у= +1.2 cm from mean position. 


x = (2.0ст)ѕіп [(100s ^) t + (л/6)] 


m - 10g. 
a) Amplitude = 2cm. 
о = 100 sec ' 
- com - — sec = 0.063 sec. 
100 50 
2 
We know that T = 2x т sq AS pif 
k k T? 
- 10? dyne/cm - 100 N/m. [because w = = = 100 sec 1 
b) Att=0 


x = 2cm sin (s) =2х (1/2) = 1 cm. from the mean position. 


We know that x = A sin (at + 6) 
v = А соѕ (ot + ф) 


= 2 100 cos (0 + 1/6) = 200 x ag = 100 4/3 sec! = 1.73m/s 
c)a=- x = 100? x 1 = 100 m/s? 
x = 5 sin (20t + 7/3) 
a) Max. displacement from the mean position = Amplitude of the particle. 
At the extreme position, the velocity becomes ‘0’. 
- X = 5 Amplitude. 
25 = 5 sin (20t + 7/3) 
sin (20t + 1/3) = 1 = sin (1/2) 
=> 20t + 1/3 = 1/2 
=> t= 7/120 sec., So at 2/120 sec it first comes to rest. 
b) a = ox = o [5 sin (20t + л/3)] 
For a = 0, 5 sin (20t + 1/3) = 0 > sin (20t + 71/3) = sin (л) 
> 20 t = n — 71/3 = 27/3 
=> t = л/30 sec. 
с) v = A о cos (ot +л/3) = 20 x 5 cos (20t + 1/3) 
when, v is maximum i.e. cos (20t + 1/3) = —1 = cos л 
> 20t = 1 — 2/3 = 27/3 
=> t = л/30 sec. 
a) x = 2.0 cos (50лї + tan 0.75) = 2.0 cos (50nt + 0.643) 
- x = — 100 sin (50лї + 0.643) 
=> sin (50nt + 0.643) = 0 
As the particle comes to rest for the 1° time 
=> 50nt + 0.643 = п 
—t- 1.6 x 10° sec. 
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10. 


11. 


12. 


b) Acceleration a = = — 100r x 50 л cos (50zt + 0.643) 


For maximum acceleration cos (50nt + 0.643) = — 1 cos л (max) (so a is max) 
—t- 1.6 x 10? sec. 
с) When the particle comes to rest for second time, 
5Ont + 0.643 = 2л 
—t- 3.6 х 1025. 


У: = = y2 = г (for the two given position) 
Now, у; =r sin ой 


те Ш 
2 | jg reu em gd n de 





Again, y2 = г sin ot; 





—r-rsin ot; > sin ot; = 1 > ot = 1/2 > (es 2757 : 
50, 55-15 t t = t 

4 12 6 
к= 0.1 N/m 


Т = эт = 2 sec [Time period of pendulum of a clock = 2 sec] 


m 
So, 4л | -4 


k 0.1 
—« IL 


10 = 0.01kg = 10 gm. 


MS д 


Time period of simple pendulum = 2x ү 
9 


Time period of spring is 2 Ї ШИЛИЙН 


T, = T, [Frequency is same] 


1 Ї 1 m х 
тэ» — = — > — = — 

9 k g k 

mg F 1 : 

>1= ОЕ = x. (Because, restoring force = weight = F =mg) 
=> 1 =x (proved) 
x=r=0.1m 
T = 0.314 sec 
m = 0.5 kg. 
Total force exerted on the block = weight of the block + spring force. 


T=2n т = 0.314 = 21095 = k = 200 N/m 


-. Force exerted by the spring on the block is 
F = kx = 201.1 x 0.1 = 20N 

-. Maximum force = F + weight = 20 + 5 = 25N 
т = 2kg. 

Т = 4 sec. 


T 22g | 42 |? s2=5 |2 
k K K 
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2 2 
Заг мэр age Eee йн 
К 4 2 
But, we know that F = mg = kx 
х= mg- 2x10 =4 
k 5 


-. Potential Energy = (1/2) k Е (1/2) х5х 16 = 5х8 = 40J 
13. х= 25cm = 0.25m 


Е = 5Ј 
#= 5 
Ѕо, Т = 1/5ѕес. 


Now Р.Е. = (1/2) kx” 
(1/2) kx? = 5 > (1/2) k (0.25)? = 5 > k = 160 Мт. 


Again, T= 2x |" 1 “ох | 5 m= 0.16 kg. 
к 5 160 


14. a) From the free body diagram, 














n R+mox-mg=0 ...(1) pma TERN А 
Resultant force тох = mg – R R x 
{ 

moe ЕТ а= o^ x ADM] 

M+m M+m | 
K 
[o = ,/k/(M+m) for spring mass system] 
b R=mg—max=mg-m x -mg- miss mg 77777 
M+m 


For R to be smallest, тоо х should be max. i.e. x is maximum. 
The particle should be at the high point. 
c) We have К = mg – то?х 
The tow blocks may oscillates together in such а way that К is greater than 0. At limiting condition, В 
= 0, тд = тоох 
mg _ mg(M+m) 


х= 
mo? mk 





So, the maximum amplitude is = аш 


15. a) At the equilibrium condition, 
kx = (m4 + m2) g sin Ө 

(m, + m5)g 510 
k 


—X- 


(m: +m2)g 





b) х; = 2 (т + тә) g sin 0 (Given) 


when the system is released, it will start to make SHM 
k 


m4 +12 223 


When the blocks lose contact, P = 0 


k 
So m; g sin 0 = mx; o? = mx P 
29 2X2 2 (5 jo Nee 


(т; +1, )gsino, m»;g 


where о = 








= х = 


So the blocks will lose contact with each other when the springs attain its natural length. 
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16. 


17. 


с) Let the common speed attained by both the blocks be v. 
1/2 (m, + m2) v — 0 = 1/2 k(x + xo — (m, + m2) g sin Ө (x + x1) 
[ X + x, = total compression] 
=> (1/2) (m, + m2) v= [(1/2) k (3/k) (m4 + m2) g sin Ө (т; + mz) g sin 0] (x + x1) 
=> (1/2) (mı + m2) v= (1/2) (m, + m2) g sin Ө x (3/k) (m, + mz) g sin Ө 


2 3 
>v= ———— —— g sin Ө. 
К(т, +т>) 


Given, К = 100 N/m, M = 1kg and F = 10N 
а) In the equilibrium position, 


: M 
compression 6 = F/k = 10/100 = 0.1 m = 10 cm k 
b) The blow imparts a speed of 2m/s to the block towards left. РЕВ 
-.Р.Е. + К.Е. = 1/2 кё? + 1/2 Му? ü 


= (1/2) x 100 x (0.1)? + (1/2) х1х4=0.5+2= 2.5 ] 


с) Time period = 2л (м = 2n ЗЕ. = вес 
k 100 5 


d) Let the amplitude be ‘x’ which means the distance between the mean position and the extreme 
position. 
So, in the extreme position, compression of the spring is (x + 8). 
Since, in SHM, the total energy remains constant. 
(1/2) k (x + 5)? = (1/2) Кб? + (1/2) ту? + Fx = 2.5 + 10x 
[because (1/2) КӚ? + (1/2) mv? = 2.5] 
So, 50(x + 0.1)? = 2.5 + 10x 
<. 50 х? + 0.5 + 10x = 2.5 + 10x 
„502 =2 > 2=2 = 4 — х = 2 m= 200m. 
50 100 10 
e) Potential Energy at the left extreme is given by, 
Р.Е. = (1/2) К (x +8)? = (1/2) x 100 (0.1 +0.2)? 250 x 0.09 = 4.5J 
f) Potential Energy at the right extreme is given by, 
Р.Е. = (1/2) К (x +5)? — F(2x) [2x = distance between two extremes] 
= 4.5 — 10(0.4) = 0.5J 
The different values in (b) (e) and (f) do not violate law of conservation of energy as the work is done by 
the external force 10N. 
a) Equivalent spring constant К = К, + k, (parallel) 


тээж! =з шилэн 
К К, ck; 


b) Let us, displace the block m towards left through displacement 'x' 
Resultant force F = F4 + F2 = (К; + К>)х 

(k4 - K;)x 
m 





Acceleration (F/m) = 


Time period T 7 2x о: А: ey ЫП 
Acceleration m(k, +К2) К, +К> 


т 








The equivalent spring constant К = К; + k2 
C) In series conn equivalent spring constant be k. 
So, 1 el 5 1 _ ky +k, — К.К 
k k К, К.К Кү--К, 


Т-2л (М = 2л |" х Ка) 
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18. а) We have F = kk > x= 


19. 


20. 


21. 


F 
k 


Acceleration = E 


Time period T = 2, |Jisplacement _ 5, [EK 2, Ї 
Acceleration F/m k 


Amplitude = max displacement = F/k 


b) The energy stored in the spring when the block passes through the equilibrium position 


(1/2) kx? = (1/2) к (ЕК)? = (1/2) К (Е2/К2) = (1/2) (F^/k) 
с) At the mean position, Р.Е. 1$ 0. К.Е. is (1/2) юс = (1/2) (Е2/х) 


Suppose the particle is pushed slightly against the spring ‘С’ through displacement ‘x’. 


Total resultant force on the particle is kx due to spring C and Lus due to spring A and B. 


42 


2 2 
-. Total Resultant force = kx + EJ Ч = kx + kx = 2kx. 


42) A2 


Acceleration = эг. 
m 





Time period T = 27 | Замасөтөг: ЦЭРГЭЭ Бонн үт. 
Acceleration 2kx 2k 


m 


[Cause:- When the body pushed against 'C' the spring C, tries to pull the block towards 


XL. At that moment the spring A and B tries to pull the block with force 








90* 





$ respectively towards xy and xz respectively. So the total force on the block is due to the spring force 


'C' as well as the component of two spring force A and B.] 
In this case, if the particle ‘пт is pushed against 'C' а by distance ‘x’. 
Total resultant force acting on man 'm' is given by, 








Е = Кх + kx. = 
Ї kx Y kx kx 
[Because net force A & В = +2 cos120° = — 
2) 2 2 
Е _ 3kx 
аз — = LI 
m 2m e 
а 3k 5 _ | ЗК kx 120” 
—————-090 >20=.— 
X m 2m 
кх 
-. Time period T = 21: - 2n 20 2 
Ф 3k 


K» and K; are in series. 
Let equivalent spring constant be K; 








11,1 LE сс. KK 20-02 


Now K, and К. are in parallel. 








So equivalent spring constant К = К; + k4 = lu + К, = Кока АКНЕ 


2 +з k2 +Кз 
Ате 2л (лэх Mike t Ka) 
К кока - Kk; КК, 
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1 1 КЖ. +КК. +КК 
b) frequency = "dg =] 2 Mi, +k у 5 
2 +Кз 
Е ЕК> +k3) 





с) Amplitude x = — = 
k КК. +КЖК. +k4k3 


. К+, К, Ka are in series, 

















1.1 1 1 T k kok 

k k k Ks ks +К2Кз + К.Кз 

Time period T = 2x E = 2л К S i Rada Eos atis T T. 
КК», К, k> ky 


Now, Force = weight = mg. 


^. At k4 spring, x = “ 


Similarly x; = гн and x, = 19. 


2 Кз 
[№] 2 i: m?g? _ m?g? 
= 1 


k, 250202 





PE, = (1/2) ku x17 = к 


2 





m?g m?g? 








Similarly PE; = and PE3 = 
2 2k3 

. When only ‘т’ is hanging, let the extension in the spring be # 
So T, = КЁ = mg. 

When а force F is applied, let the further extension be 'x' 

„Т2 = k(x +1) 

-. Driving force = Т -T, = k(x + £?) - k£ = kx 


-. Acceleration = IS 
m 


T=2n displacement =2х [Х-=2л т 
\ Acceleration kx k 
m 


. Letus solve the problem by 'energy method'. 
Initial extension of the sprig in the mean position, 


. mg 
^k 
During oscillation, at any position ‘x’ below the equilibrium position, let the velocity of ‘п’ be v and 
angular velocity of the pulley be ‘о’. If r is the radius of the pulley, then v = ro. 

At any instant, Total Energy = constant (for SHM) 
-. (1/2) ту? + (1/2) То? + (1/2) К(х +5)? - 82] - тох = Cosntant 
=> (1/2) mv? + (1/2) I o* + (1/2) kx? — kx - тах = Cosntant 
=> (1/2) mv? + (1/2) I (v7/r?) + (1/2) kx? = Constant (5 = mg/k) 
Taking derivative of both sides eith respect to 't', 
mv %У | I gt T -0 
dt r? dt dt 




















dm = ( ke 9X nda 9X 
r t dt 
med 
= = i = ©? > T=2n = 

ШАА 
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25. 


26. 


2T. 


28. 


The centre of mass of the system should not change during the motion. So, if the block 'm' on the left 
moves towards right a distance 'x', the block on the right moves towards left a distance 'x'. So, total 
compression of the spring is 2x. 


By energy method, 26 (2х)? +2 mv? + 5 ту = С = mv? + 2Кх? = C. 


Taking derivative of both sides with respect to +. 


k 
mx2v Š e 2kx2x © =0 ы ED 


D x a 
-.ma + 2Кх = 0 [because v = dx/dt and а = dv/dt] x 
a. 2k_ 2. _ |2k 
> — =-— = б = | — 
х т т 
: : m 
= Time period T = 2x ,|— 
2k 


Here we have to consider oscillation of centre of mass 
Driving force F = mg sin 0 


Acceleration 7 a = цал g sin 0. 
m 
For small angle Ө, sin Ө = Ө. 


.a-g0-2g B [where g and L are constant] 


а ох, 
So the motion is simple Harmonic 

Time period T = 2x реет = е з= Е 

Acceleration | gx | g 

L 





Amplitude = 0.1m 
Total mass = 3 + 1 = 4kg (when both the blocks are moving together) 


атаа M eas 13 LU 
k 100 5 
5 


-. Frequency = D Hz. 
T 








Again at the mean position, let 1kg block has velocity v. 


КЕ. = (1/2) m? = (1/2) mx? where x— Amplitude = 0.1m. 
z. (1/2) х(1 x v^) = (1/2) x 100 (0.1)? 
=> у = 1т/ѕес 440) 


After the 3kg block is gently placed on the 1kg, then let, 1kg +3kg = 4kg block and the spring be one 
System. For this mass spring system, there is so external force. (when oscillation takes place). The 
momentum should be conserved. Let, 4kg block has velocity v'. 

-. Initial momentum = Final momentum 

2 1ху=4ху > у = 1/4 ms (As v = 1m/s from equation (1)) 

Now the two blocks have velocity 1/4 m/s at its mean poison. 

KEmass = (1/2) m'v? = (1/2) 4 x (1/4? = (1/2) x (1/4). 

When the blocks are going to the extreme position, there will be only potential energy. 

-. РЕ = (1/2) кӛ? = (1/2) x (1/4) where 6 —> new amplitude. 


“1/4 = 100 8? > $ = 2225 = 0.05m = 5cm. 
400 


So Amplitude = 5cm. 

When the block A moves with velocity ‘V’ and collides with the block B, it transfers all energy to the 
block B. (Because it is a elastic collision). The block A will move a distance 'x' against the spring, again 
the block B will return to the original point and completes half of the oscillation. 
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2n 


х|3 


_ [m 
= л|— 

k 
The block B collides with the block A and comes to rest at that point. 
The block A again moves a further distance 'L' to return to its original 
position. 


-. Time taken by the block to move from M > Мапа М > M 
"E Е (s) 
is—-—722-— 





So, the time period of B is 





V 
: : ЗАВ TT L m 
-. So time period of the periodic motion is 2 V +1 "e 


29. Let the time taken to travel AB and BC be t, and tz respectively 
0.1 
sin45* 

Let, v - velocity at B A 
2, у? — = 2a; 54 C 
0.1 


2 р 
v = 2 x g sin 45° x =2 
= Я sin45° 10cm 


= у = 42 mls 45° 60° 
.v-u 42-0 2.2 


- = 0.2 sec 
84 9 g 10 


42. 
Again for part BC, a; = -g sin 60°, u-42, v=0 
0-42 _ 2/2 _ 2x(1414) 
43) 3g (1.732)x10 


Fro раќ АВ, а; = д sin 45°. $; = 








28 ti 


75 = = 0.165sec. 





2 


So, time period = 2 (t4 + t2) = 2(0.2 + 0.155) = 0.71sec 
30. Let the amplitude of oscillation of ‘m’ and ‘M’ be x, and х, respectively. 

a) From law of conservation of momentum, 
mx, = Mx; ...(1) [because only internal forces are present] 
Again, (1/2) kxo = (1/2) k (x4 + хо)? 
2 Xo = X1 +Х2 ..(2) 
[Block and mass oscillates in opposite direction. But x — stretched part] доор 
From equation (1) and (2) 


m M+m 
<. Xo =X, + —X47 X1 














M M 
2. Х1 Mo 
М+т 
So, X; = Xy — X4 = Xo | 1 Mt as a respectively. 
M+m M+m 


b) At any position, let the velocities be v4 and v2 respectively. 
Here, у; = velocity of ‘m’ with respect to M. 
By energy method 
Total Energy = Constant 
(1/2) MY? + (1/2) m(v4 №)? + (1/2) k(x, +х2)? = Constant ...(i) 
[V4 — V2 = Absolute velocity of mass ‘m’ as seen from the road.] 
Again, from law of conservation of momentum, 
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31. 


M 
mx» = MX; Хү = — X2 44(1) 
m 


M 
MV2 = (№; -М2) = (v4 -М2) = n. V2 ...(2) 
Putting the above values in equation (1), we get 
и М 24 


MY 
5 Wor кх›2 | i | = constant 
m *2 m 


1 
iu 
LU My + i м Хэ? - Constant. 


=> mv" + c(t м Хэг - constant 
m 





1 
— Mv," 
2 2 


Taking derivative of both sides, 


М х 2v3 ду, ү (Mem) uo dx, =0 
dt m dt 





= та; + (т = 0 [because, v2 = 921 
2 #2 __ КМ+т) _ 
х2 Мт 
TOE k(M+m) 
Mm 
So, Time period, T = 2x LM: 
k(M 4 m) 





Let ‘x’ be the displacement of the plank towards left. Now the centre of gravity is also displaced through ‘x’ 
In displaced position 


К; 


+ R27 mg. 


Taking moment about G, we get 
R4(U2 — x) = К(02 + x) = (mg - КВ.) (4/2 + x) ...(1)\ 
So, К; (02 — x) = (mg - R,)(#/2 + x) 


— 


R4 hide > Roc мох В 5 


4 
R4 2 +R, 2 - mg (+=) 





=> 
Le 2x+0 
= К, |-—+-—|=тд 
2 2 2 
{Rt mg(2x + /) 
2 
= В, = mg(2x + /) ...(2) 
24 
Now F4 = ИК, = нто(/ + 2x) 
24 
Similarly Е 2uR; = eM 


Since, Е. > Fo. > F,—F; =та = 


> 


2umg x 


( \ 7 


x|o 


-. Time period = 27 LN 
| 2rg 
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32. T = 2sec. 
T=2n E 
Ч 
э2-20,1 = Lotedem — (242410) 
10 10 x? 


33. From the equation, 
Ө = v sin [x sec | t] 
-. 6 = x sec ! (comparing with the equation of SHM) 


э? n> T= 2sec. 


We know that T = 2x £ sie -э1519 = {= 1т. 
9 9 


-. Length of the pendulum is 1m. 
34. The pendulum of the clock has time period 2.04sec. 
Now, No. or oscillation in 1 day = шин - 43200 
But, in each oscillation it is slower by (2.04 — 2.00) = 0.04sec. 
So, in one day it is slower by, 
= 43200 x (0.04) = 12 sec = 28.8 min 
So, the clock runs 28.8 minutes slower in one day. 


35. For the pendulum, dis 92 
T; | 9: 


Given that, Т; = 2sec, gı = 9.8m/s? 


_- _ 24x3600 — _ , 3600 
27 (24x3600 -24 3599 
2 
Now, g = u 
91 T? 
3599 ү 
“Qo = (9.8) | 25 | = 9.795m/s? 
92 = (9.8) EJ 


36. L- 5m. 
а)Т- 2x ft = 2n40.5 =2n(0.7) 


-. In 21(0.7)sec, the body completes 1 oscillation, 














In 1 second, the body will complete : oscillation 
2n(0.7) 
1 10 0.70 ,. 
f= = = times 
2n(0.7) 142 T 
b) When it is taken to the moon 
Тэ2л |р where g'— Acceleration іп the moon. 
9 
= 2л а 
1.67 
= Ue ees (0.577) = —1 _ times. 
T 2515 2л 2143 
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37. The tension in the pendulum is maximum at the mean position and minimum on the extreme position. 
Here (1/2) ту? — 0 = mg {(1 — cos 0) 
v? = 2gt(1 — соб) 
Now, Ттах = mg + 2 mg (1 — cos 0) [T 5100 *(mv^/t)] 
Again, Tmin = mg С050. 
According to question, Ттах= 2T min 
> mg + 2mg – 2mg со50- 2mg со50 
— 3mg - 4mg со50 
=> cos 0 = 3/4 
= 0 = cos (3/4) 
38. Given that, К = radius. 
Let М = normal reaction. 
Driving force F = mg sind. 
Acceleration =a = д sin 0 





mg co 


mg 


R 
Ав, sin Ө is very small, sino > Ө 
-. Acceleration a = 90 N/ lo 
Let ‘x’ be the displacement from the mean position of the body, ? 
7 0 =х/В 
=> а = 90 = 9(х/В) = (а/х) = (g/R) 80 | 

mg sin Ө 
mg 


So the body makes S.H.M. 


Эрэ, ү ерасетег Lg ec В 
Acceleration gx/R g 
39. Let the angular velocity of the system about the point os suspension at any time be ‘в’ 
So, v, = (R- r)o 
Again v, = ro [where, o = rotational velocity of the sphere] 


o S» (E) 441) 


r 











By Energy method, Total energy in SHM is constant. 
So, mg(R – г)(1 — cos0) + (1/2) ту,2+(1/2) 10,2 = constant 





R-r 
~ mg(R - г) (1 — cos0) +(1/2) m(R — г)? в? +(1/2) m^| >; ) ©? = constant 


=> 9(К – г) 1 — cos0) + (R – г)? o = constant 


Taking derivative, g(R — г) sin 0-2) (R- г)22 99. Ж 


sin0-22x —(R-r 
= 1б P (R - r) 
—gsin0- : (R -r)a (В-г)сов 0 
. 59800 _ 590 
T(R-r)  7(R-r) 
? 7 7(В-г) 





- constant 





oje 


7(R-r) 
5g 


So the motion is S.H.M. Again о = о >T= 








40. Length of the pendulum = 40cm = 0.4m. 
Let acceleration due to gravity be g at the depth of 1600km. 


«gd» g(1-d/R) = 9.8 [1-1600 | = 98 (4.1) 298, 3 =7.35mis? 
6400 4 4 
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41. 


-. Time period T' = 2x хэ 
go 


= 2n | = 2n 40.054 = 2л x 0.23 = 2 x 3.14 x 0.23 = 1.465 = 1.47sec. 


Let M be the total mass of the earth. 
At any position x, 











x * TX x? 
м 23 х MÓ 
i - = => M = — 
M |=) 3 R R? 
рх|-шїїхБ 
3 
So force on the particle is given by, 
СМт | GMm 
SEX 2 = R? х ...(1) 
So, acceleration of the mass ‘М’ at that position is given by, 
GM a 2, GM 9 GM 
a, = —x XE Sey ы. а = — 


So, Т = 2л E = Time period of oscillation. 
g 


a) Now, using velocity — displacement equation. 


V = о 4(A? - R?) [Where, A = amplitude] 
Given when, y = В, v= JgR , o = E 


> JgR = А (A? - R2) [because о = [e 


= В? -А-В-А-4/28 


Jar 


QI 


[Now, the phase of the particle at the point P is greater than 7/2 but less than x and at Q is greater 
than л but less than 37/2. Let the times taken by the particle to reach the positions P апа О bet, & t; 


respectively, then using displacement time equation] 
y-rsin ot 


We have, R= 42 В sin ot; > ot, = 31/4 
&-R = 42 R sin ot; > ot; = 5л/4 
So,o(t;-t)2 022 t -t2 — = T — 

2e 2,/(R/g) 


Time taken by the particle to travel from P to О is t; — t; = 


b) When the body is dropped from a height R, then applying conservation of energy, change т Р.Е. = 





gain in K.E. 
GMm GMm 1 5 
=—m = /gR 
> R В 2 V >v= yg 


Since, the velocity is same at P, as in part (a) the body will take same time to travel PQ. 


c) When the body is projected vertically upward from P with a velocity JgR , its velocity will be Zero at 


the highest point. 


The velocity of the body, when reaches P, again will be v = JgR , hence, the body will take same 


time —=—— to travel РО. 


2.ЇЇВ/9) 
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42. M = 4/3 лВ?р. 
М' = 4/3 nxp 


М' = ЕЭ xà 


а) Е = Gravitational force exerted by the earth on the particle of mass ‘x’ is, 




















_ GMim _ GMm x) _ GMm, _ GMm | > (R? 
Е= = 3 27 3 X = : %24 
х К X4 R R 4 
b) Е, =F cos 0- E UMS X = GMmx 
R^ X R? 
F.-Fsin0- GMmx, К _ GMm 
R? 2X4 2R? 
с) Fy = T [since Normal force exerted by the wall М = F,] 
d) Resultant force = Shing 
R 
e) Acceleration = Drivingforce _ GMmx _ GMx 
mass Rem R? 


So, a a x (The body makes SHM) 


3 
5 аж ЭМ ша GM _т- 2л R 
x R? ү в? см 


43. Here driving force F = m(g + ao) sin 0 ...(1) 


Acceleration a= È = (о + ao) sin 6 = Sx 
m o 


(Because when 0 is small sin Ө 0 =х/) 
(g+ao)x | 

ё 
г. acceleration is proportional to displacement. 
So, the motion is SHM. 


ue (9 * ao) 


„а= 


Now 


ГА 
9+а, 





1э2л 


b) When the elevator is going downwards with acceleration аз 
Driving force = F = т (g — ao) sin Ө. 

(g-89)X _ 2 

———— =o 


Acceleration = (9 — ao) sin Ө = 7 


= 27 гэд £ 
(0) 9-4, 





c) When moving with uniform velocity ao = 0. 
For, the simple pendulum, driving force = TR 


Заан =£ 


о [x 


g 
T=2n displaceme nt _ 2n £ 
acceleration g 











mg 


*ao)sin 0 
m(gtao)sin m 


*ao)sin Ө 
m(g+ao)sin m 
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44. 


45. 


46. 


4T. 


Let the elevator be moving upward accelerating ‘ag’ 
Here driving force F = m(g + ao) sin Ө 
Acceleration = (g + ao) sin 0 





= (g + a9)0 (sin Ө > 0) 
= (g+a)x = ox 
П L 
A Р 
T=2n É o | 
gta С ' mg | 
Given that, T = 7/3 sec, { = 1ft and g = 32 ft/sec? B Ч 


1Ё- e 1 
= =2т 
3 32-89 


1 2-4 1 
9 32-а 


= 32 + а =36 = а= 36 – 32 = 4 ft/sec? 
When the car moving with uniform velocity 


T=2n L aasar | (A) 
үд 9 


When the саг makes accelerated motion, let the acceleration be ao 
ГА 


\ д? +85 


=> 3.99 = 2л = 
g +a 


T_ 4. o? +& 
T 3.99 з 
Solving for ‘ас we can get ao = 0/10 ms ? 
From the freebody diagram, 


T= то) «x 
r 


4 451/2 
V . 2 У 
= m ‚|82 +— = та, where а = acceleration = | 9?  — 
r? r? T 
2 


The time period of small accellations is given by, 
T=2n | E sog. t 
9 


1/2 
2 v^ 
dide mg 


a) { = 3cm = 0.03m. 


T=2n n - 2n A = 0.34 second. Pie 
g \ 9. 


b) When the lady sets оп the Merry-go-round the ear rings also experience A 
centrepetal acceleration 








T=2n 








2p 
Now 














Resultant Acceleration A = Jg? +a? = ү100 +64 = 12.8 m/s? 


Time period T = 2x B - aston = 0.30 second. 
A 12.8 
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48. а) М.1. about the pt A = I = сс + Mh? 
„тё нос Т а 1+1.08 2.08 9 вот 
12 2 12 +m(0.3)° = М — +0.09 | = М =M | —— A 
12 12 12 30cm 
s T=2n 1. = 2л ee (U = dis. between С.С. and pt. of suspension) 
та” тх9.8х0.3 
= 1.52 sec. 
b) Moment of in isertia about A А 
l=leg+ m = m + m? = 2 тг 
2 

2. Time period = 2x 1- 2n 2m e 2n 2 

mg/ mgr g 





a? +a? 2ma? 
с) lzz (corner) = m 3 - 
2 


In the AABC, (2-1 = а 


y 


205 


Si? 


2 


2 2 
nT-2x |- =2n ene Sage 8. шш. [va 
mg4 3mg/ 3gaJ/2 3g 


d)h=r/2, £-r/2- Dist. Between С.С and suspension point. 








2 2 
M.I. about A, | = lcg * Mh? = zz) = mr (2*3) - jm 


2 2 2.4 
2 2 
„Та 2л ft son | 224 L3U san |37 
mgé Ата (z) 2g 
49 — 
2 
49. Let A — suspension of point. 


В — Centre of Gravity. 

r = 2/2, h = 2/2 

Moment of inertia about А is 
2 





m m/ 2 


l= ее + mh? = | 
dx 12 4 


ЯМ 
[= a 2 
>T=2n - = 2n ст = 2n £ 
puo ew. очы 


Let, the time period ‘T’ is equal to the time period of simple pendulum of length ‘x’. 


mf 











без PS Бо о. 
\g 39 g 3 
20 


-. Length of the simple pendulum = 3 


50. Suppose that the point is ‘x’ distance from C.G. 
Let m = mass of the disc., Radius = г 
Here { = х 
M.I. about А = lc, + mx? = тг2/2+тх2 = т(г2/2 + x?) 
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51. 


52. 


"NC dt? 
For T is minimum —— =0 
dx 


d qa. d | | Еа 











` ах ах 2gx 29х 
Е 1 | An? _ 
> 5 |+ =0 
9 х 9 
x^? 2x? 2 
St 
gx 9 
nr? E 21? 





> = 215 у= 2 L 
o? 9 42 


So putting the value of equation (1) 











According to Energy equation, 
mgt (1 — cos 0) + (1/2) ю = const. 





mg(0.2) (1 — со50) + (1/2) Io? = C. (1) 
Again, | = 2/3 m(0.2) + m(0.2)? 
=т GE + 0.04 
3 
0.1208 | : 
-m m. Where | > Moment of Inertia about the pt of suspension A 


From equation 
Differenting and putting the value of | and 1 is 














d 1 0.1208 2 d 
— | mg(0.2)(1— cos Ө) 4 m = — (С 
| 9(0.2)( ) 9x3 ч qe 
-mg(02)sing-99.4. 1|9:1208 |. 57 ДЫ: 0 
dt 2 3 dt 
22 шон [because, д = 10m/s?] 
2*2 6 Lg -5836 
0 0.1208 
= o 77.3. So T = 27 = 0.89зес. 
[0] 
: 0.19 
For simple pendulum T = 2л "HOS = 0.86sec. 
95 more = 0.89 -0.86 = 0.3. 
0.89 


г. Itis about 0.3% larger than the calculated value. 
(For a compound pendulum) 


а)Т-2т Zs =2n a 
| mg | mgr 


The MI of the circular wire about the point of suspension is given by 
- | 2 mr? + mr? = 2 mr’ is Moment of inertia about A. 





A 


© 


B 


mg 


mg 
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| 2 
72 = 2д 2mrmgr _ 5, E 


211 r= LS. =0.5л = 50cm. (Ans) 
9 m 2n 
b) (1/2) o? — 0 = mgr (1 – cos) 
=> (1/2) 2mr? — o? = mgr (1 — cos 2°) 
=> o g/r (1 — cos 2°) 
=> о = 0.11 rad/sec [putting the values of д and г] 
= у = ох 2г = 11 cm/sec. 
C) Acceleration at the end position will be centripetal. 
= а, = o* (2r) = (0.11)? x 100 = 1.2 cm/s? 
The direction of ‘a,’ is towards the point of suspension. 
At the extreme position the centrepetal acceleration will be zero. But, the particle will still have 
acceleration due to the SHM. 
Because, T = 2 sec. 








d 


— 


Angular frequency o = » (n7 3.14) 


So, angular acceleration at the extreme position, 


3 
deoa 20 = 28 nen T gaius] 


180 180 180 


3 
So, tangential acceleration = a (2r) = M 





x 100 = 34 cm/s?. 





53. М.І. of the centre of the disc. = mr^/2 


| 2 
T=2n i = 2n эг [where K 7 Torsional constant] 
k 2K 
2 г? 


T? = 412 T 22x K 








2,2 

= 212 те = КТ? >K- Т^ 
T 
2,2 

<. Torsional constant К = a 


54. The M.I of the two ball system 
| = 2m (1/2)? = m 12/2 
At any position 6 during the oscillation, [fig-2] 
Torque = k0 
So, work done during the displacement 0 to 06, 


Fig-1 


0 
М = [kodo= к 062/2 
0 


Ву work energy method, 
(1/2) lo^ — 0 = Work done = К 02/2 
3. кб” _ k0? 


2 mL? 
Now, from the freebody diagram of the rod, 


Т, = J(mo?L? + (то)? 


2 Me 2224 
= m бо, xL| «mig? = КӨ 4 m?g? 
mL 
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55. 


56. 


57. 


58. 


The particle is subjected to two SHMs of same time period in the same direction/ 
Given, г. = 3cm, гг = 4cm and ф = phase difference. 





Resultant amplitude = К = г? oe + 2rr, cos $ 





























a) When 6$ = 0°, 

R= J(32 +42 42x3x4cos0* =7 ст 
b) When ф = 60° 

R= (32 +4? +2х3х400560° = 6.1 ст 
c) When ф = 90° 

R= (32 +4? +2x3x4c0s90° =5 ст 


Three SHMs of equal amplitudes ‘A’ and equal time periods in the same dirction combine. 
The vectors representing the three SHMs are shown it the figure. 
Using vector method, 
Resultant amplitude = Vector sum of the three vectors 
= А + А cos 60° + А cso 60° = A + A/2 + A/2 = 2A 
So the amplitude of the resultant motion is 2A. 
X172 sin 100 xt 
X2 = үү sin (120nt + 7/3) 
So, resultant displacement is given by, 
X = X1 + X2 = 2 [sin (10071) + sin (120514 л/3)] 
a) At t = 0.0125s, 
x = 2 [sin (100r x 0.0125) + sin (120r х0.0125 + л/3)] 
= 2 [sin 57/4 + sin (31/2 + л/3)] 
- 2 [(-0.707) + (-0.5)] = - 2.41cm. 
b) At = 0.0255. 
x = 2 [sin (100r х 0.025) + sin (1202 x0.025 + x/3)] 
= 2 [sin 5л/2 + sin (Зл + л/3)] 
=2[1+(-0.8666)] = 0.27 cm. 
The particle is subjected to two simple harmonic motions represented by, 
X 7 Xo sin wt 
S = Sọ Sin wt 
and, angle between two motions = 0 = 45? 
-. Resultant motion will be given by, 


Rz Jod +52 4 2xscos 45^?) 











= хо? sin? wt + So” sin? wt + 2x98, sin? wtx(1/4/2)) 
zx [xo +502= 42 xosa]? sin wt 


-. Resultant amplitude = [хо +56 = 4/2 хоѕо]'? 


AA 2 2 2 
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p-hpg 
It is necessary to specify that the tap is closed. Otherwise pressure will gradually decrease, as h 
decrease, because, of the tap is open, the pressure at the tap is atmospheric. 


a) Pressure at the bottom of the tube should be same when considered for both limbs. Pa 
From the figure are shown, l 
Ра + pag X h2 X g = pa + рн х h4 х 9 Ї 
э Dg = Ра + Pug X 9(П1 — h2) Ра 
b) Pressure of mercury at the bottom of и tube de | 
p =Pat рн ћ xg | 


From the figure shown 
pa + hpg = pa + mg/A 





=> hpg = mg/A A =900 ст? 
>И = m; 
Ap 


a) Force exerted at the bottom. 
= Force due to cylindrical water colum + atm. Force 
шАХЇХр,хджр,ХА 
= A(h ры 9 + Pa) 
b) To find out the resultant force exerted by the sides of the glass, from the freebody, diagram of water 
inside the glass 
paxA*mg-Axhxpyxg*F,*p,xA 
—mg-Axhxp,xg*F, 
This force is provided by the sides of the glass. 
If the glass will be covered by a jar and the air is pumped out, the atmospheric pressure has no effect. 
So, 
a) Force exerted on the bottom. 
= (h pw 9) * A 
b) mg =h x pw xg xAx Fes. 
c) It glass of different shape is used provided the volume, height and area remain same, no change in 
answer will occur. 
Standard atmospheric pressure is always pressure exerted by 76 cm Hg column 
= (76 x 13.6 x g) Dyne/cm?. 
If water is used in the barometer. 
Let h — height of water column. 
“AX рух 9 
а) Е =РХА = (Нрых 9) А 
b) The force does not depend on the orientation of the rock as long as the surface area remains same. 
а) F-Ahpg. 
b) The force exerted by water on the strip of width бх as shown, 


— 


dF=pxA 
= (xpg) x A 
c) Inside the liquid force act in every direction due to adhesion. 
di=F xr 
d) The total force by the water on that side is given by 
1 
F = | 20000 xàx = Е = 20,000 [x?/ 2]! 
0 
e) The torque by the water on that side will be, 
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10. 


11. 


12. 


13. 


14. 


15. 
16. 


17. 
18. 


1 
i= [20000 хёх (1 — х) 2 20,000 [x2/2 - x? /3]] 
0 


Here, то = Mau + ma, = 36 g ...(1) 
Let V be the volume of the ornament in cm? 

Зо, Vxp,*xg-72xg 

= (Vau + Va) * рих9=2х9 


m m 
| + ехе хаха 
Pau Pau 


- Ёс + та x122 
19.3 8.9 
=> 8.9 Mau + 19.3 те, = 2 x 19.3 x 8.9 = 343.54 ...(2) 
From equation (1) and (2), 8.9 May + 19.3 те = 343.54 
Ён 8.9(mA, + mq) = 8.9 x 36 
ma, = 2.2259 
So, the amount of copper т the ornament is 2.2 g. 











[мы 22 xg = 2 х g (where V, = volume of cavity) 
PAu 

mg = U + К (where Ц = Upward thrust) 

=>mg-U=R 

=> R = mg – у pyg (because, Ц = vpyg) 


т 
=mg— — x py xg 
р 


a) Let V; > volume of boat inside water = volume of water displace in m*. 
Since, weight of the boat is balanced by the buoyant force. 

=> mg-Vixp,xg 

b) Let, v! > volume of boat filled with water before water starts coming in from the sides. 
mg + v p, *gz V*p,xg. 

Let x —> minimum edge of the ice block in cm. 

So, mg + Wie = Ц. (where U = Upward thrust) 

=> 0.5 x g +X? x pice xg-x'xp,xg 

Vice = Vk + Vw 

Vice X рох 9 = Vk ркх 9 + Vw * Pw XQ 

=> (Vk + Vw) X pice = Vk X Pk + Vw X Pw 

> М =1. 
У, 

Vig = V p«g 

(Mw + Прь)9 = (Vw + Vpb) p xg 

Mw =} 

Ри Ррь 

Mg = w > (m, + Mæ) = Уихрхд 

Given, x = 12 cm 

Length of the edge of the block рн. = 13.6 gm/cc 

Given that, initially 1/5 of block is inside mercuty. 

Let py — density of block in gm/cc. 

г. (х) хрьх g = (х)? х (x5) x p x 9 

= 12? x рь = 12? x 12/5 x 13.6 


= (m, + Mpb) = | 


13.6 
> Pp = “до gm/cc 








19. 


20. 


21. 


22. 


23. 


24. 


25. 


After water poured, let x = height of water column. 
V, = Мн + Vw = 12? 


Where Vig and Vw are volume of block inside mercury and water respectively 


(Vp х рьх 9) = (Мно X pug X 9) + (Vw х Pw х 9) 
> (Vig + Vw)Pb = Мне X Оно + Vw X ру. 


= (Vig + Va) х 13.6 





= Va, x 13.6 + Vy x 1 


= (12 — x) x (12)? x 13.6 + (x) x (12)? x 1 


— (12) x = 


=>x=10.4cm 


Here, Mg = Upward thrust 
=> Vpg = (V/2) (pw) х g (where py = density of water) 


шаг Su 212 us 
372 371 РЯ 5372 Pw 


> (2 -mg)xp- a x1 = 865 kg/m?. 





УУ,» М; = U. 

> та + V x ps X g = V x pw x (where p, = density of sphere т gm/cc) 
=> 1-р, = 0.19 

=> ps = 1 — (0.19) = 0.8 gm/cc 

So, specific gravity of the material is 0.8. 

Wi = mg – Vi Pair * g = [ef 


i 
m 

Ww = mg ни Vw Pair g = |" ты} 
Ри 


Driving force U = Vpyg 


заза (Х)хр,д >Т= 2n [displacement 
Acceleration 


а) F + U = mg (where Е = kx) 

=> kx + Vpyg = mg 

b) F=kX + Ур, хад 

=> та = КХ + nr? х (X) x pw x = (k + п? x py x g)X 


= tx (xy= Kem эры 9), 


=» Тэ 2x ИЕЫ БЕЗЕ 
К+ лг x py xg 


а) mg =kX + Урьд 


(X) 


b) a=kx/m 
w?x = kx/m 
Т = 2лут/К 


Let x — edge о ice block 
When it just leaves contact with the bottom of the glass. 
h height of water melted from ice 
W=U 
> X? X Pie X Q=X xh x pw X g 
Again, volume of water formed, from melting of ice is given by, 
42-х = q x ê x һ – xh ( because amount of water = (nr? — x”)h) 
>4° -x2ax3'xh-xh 
Putting h = 0.9 x > x = 2.26 cm. 
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26. 


2T. 


28. 


29. 


30. 
31. 


32. 


33. 


34. 


35. 


If ра — atm. Pressure 

А — area of cross section 

h increase in hright 

PaA + Ax Lx px ao = pa^ + hpg x A 
=> hg = аі > aoL/g 


Volume of water, discharged from Alkananda + vol are of water discharged from Bhagirathi = Volume of 


water flow in Ganga. 
а) aa X МА = Од 
b) адх Va = ав X Vg 
c) 1/2 pva? + рд = 1/2 pve? + рв 
= (Pa – рв) = 1/2 p (ve? = VA.) 
From Bernoulli's equation, 1/2 pv,’ + pgha + рд 
= 1/2 pvp’ + ронв + рв. 
=> РА-Рь= (1/2) р (ve^ – va’) + pg (hs — ha) 
1/2 pve? + pghs + рв = 1/2 pva? + pgha + pA 
1/2 ру + pgha + pa =1/2 pve” + pghs + рв 
=> P — Рд = 1/2 p(va’ — ve^) + pg (ha Ив) 
Удад = Ув хав 
— 1/2 pva? + pgha + pa = 1/2 pve? + pghe + рв 
=> 1/2 руд2 + pa = 1/2 pve? + рв 
=> РА-Рь= 1/2 p(ve? — ув?) 
Rate of flow = v4 x a4 
Va ад = Vg ав => МА. „Эв. 
В ад 
Буд = 2Vg = Vg = (5/2)va 
1/2 pva? + pgha + Pa = 1/2 рув? + pghe + рв 
= Pa- Pa = 1/2 p (ve? — vg?) (because Pa — Рь = hpmg) 


РА + (1/2)рмл? = Рв + (1/2) рув2 > pa — рв = (1/2)pve* (va = 0} 


— pgh = (1/2) pve? {Pa = рањ + pgh} 
=> “в = J2gh 

a) v= J2gh 

b) v= 29/2) = ов 

с) v= J2gh 


у = ау x dt 
А\ = ау 


J2gh x dt 
— Ax $" ах |2gh аһ = БОБ АВАГ 


А 


9) dig c wee iet rs АҢ ҮНД 


у = J2g(H-h) 
t= J2h/g 
x=vxt= ./2g(H—h)x2h/g = 44(Hh-h?) 


So, > [Sn -n?)=0 —0-2H-2h > h=H/2. 


^^^^ 
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CHAPTER 14 
Е = mg 
Stress = Е 
А 
Strain = АБ 
L 
FL AL Е 


— > — = — 
AAL L YA 
p = stress = mg/A 
e = strain = p/Y 
Compression AL = eL 
ys ExE enc FL 

A AL AY 
Lsteel = Leu and Ае = Ас, 


E Stressofcu Fy Ag _ Fou -1 
Stress ofst Au F, Е 


Alst БШ. As Y, 
Аси АҮ; Fal 


st Ys 
cu You 


strain steel wire F ү AY. буйг =А„)= You 











b) Strain = (^ Leu = Ist ; Acu = Ast) 











Strain om copper wire AY, Е амд эг 
Stress in lower rod 5 on > пиана = м = 14 Ка 

А; А; 
Stress in upper rod = 12 — 29 ТМО М9 L Ww=.18 ка 


Au Au 


For same stress, the max load that can be put is 14 kg. If the load is increased the lower wire will break 
first. 








Ty M9 99 ө 108 swe 14ка 
Ay Ay 
Т2. y MAG * mg*69 a 108 = аара 
A, A, 
The maximum load that can be put is 2 kg. Upper wire will break first if load is increased. 
E. 
САА 
ЕГ ҮА АГ 
Ү = —— > = 
A AL L 
m29 — T = та ...(1) 
andT—F=mya ...(2) 
NO RUP SE 
m, - m» 





14.1 


Chapter-14 





10. 


11. 


12. 





From equation (1) and (2), we get — e. . 
2(m, 4 m5) 
Again, T =F + m;a 
т 09 LU __, m3g + 2m4m;g 
2 2(m, +т>) 2(m, +т>) a 
FL AL Е 





Now Y = = = 
A AL L AY 
AL _ (m3 +2m,m,)g m;g(m;-2m;) 
L 2(т. +т›)АУ | 2AY(m, +т2) 
At equilibrium = T = mg 
When it moves to an angle 0, and released, the tension the T' at lowest point is 











2 
mv 

> T' = mg + —— 
Г 


mv? 














The change in tension is due to centrifugal force AT = —— ...(1) 
r 
— Again, by work energy principle, 
э ту? — 0 = mgr(1 — cos) 
= v? = 2gr (1 – cos0) 242) 
So, АТ = miegr(T-seos n 2 2mg(1- cos0) 
r 

> Е ЕЛТ 
>Е= ХАБ 2mg – 2mg cos Ө = 2mg cos 0 = 2mg - UM 
-cos0-21- хай 

L(2mg) 

21-12 
From figure cos 0 = 5 = Х | + х | 
yx? +? l l 
=x/I ... (1) 


Increase in length AL = (АС + CB) - АВ 
Here, АС = (I? + x?)'? 





So, AL = 2(I? + x°)? — 100 549) 
Е | 
У = —— ...(3 
АА 9) 
From equation (1), (2) and (3) and the freebody diagram, 
21 cos0 = mg. 
y= FL AL F 





> 
АЛЕ ^ L Ay 


AD/D AD AL 
= > = 
AL/L D L 





Again, ДА _2Ar 
A r 
= лд 280 
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13. в= 2 оре В|) 
Ау V 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 
24. 


so, —© 


vol.strain = 


1- pogh 


41) 


Vo - Va 


0 


pogh cus Va _ pogh 
(Vo = Va)! Vo Vo B 





: | ‚..(2) 


Putting value of (2) in equation (1), we get 


Ра _ 


1 








Ро 


TTA 


1- pggh/B 


Pa (I родћ/В) °° 


Lateral displacement = 16. 


F-TI 
2T 
a) Р= 9 
| 


а) Е = РоА 


4T, 2T, 
b)P=—2 ¢)P=—% 
r r 


b) Pressure = P, + (2T/r) 


e 





Е = Р'А = (Pot (2T/r)A 
c) P=2T/r 


2T 


F=PA= ^ А 
r 


. 2Tcos0 2Tcos0 . 2Tcos0 





ГА —pg 'BPY rcpg 

_ 2Thg COS Ohg 
= m 
. 2T, cos 0, 


where, the symbols have their usual meanings. 





Has 2Tcos0 


P 


P=Fir 
А = пг? 


4 


т Л 


3 





ша 


Рна , £98 0, 
р, COS Ohg 


R? -Ím x8 


>r=R/2=2 
Increase in surface energy = ТА’ - TA 
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25. h 


26. 


2T. 
28. 
29. 


30. 


31. 


32. 


_ 2T cos0 h= 2Tcos0 
rpg | rpg 
h'rpg 





=> cos Ө = 





So, 0 = cos ' (1/2) = 60°. 
_ 2Tcos0 
гро 
b) Tx2nrcos0 = a hx pxg 
hrpg 
2T. 
Т(21) = [1 x (10°) x h]pg 
Surface area = 4лг? 
The length of small element = r d 0 
ЧЕ =Тхга 6 
considering symmetric elements, 
dF, = 2T га . 50 (ар, = 0] 
n/2 
so, F - 2Tr | 810040 = 2ТЦсо80р 2 =Тх2г 
0 
Tension = 2Т. = T x 2r T4 = Tr 
a) Viscous force = 6znrv 


a)h 





200505 


b) Hydrostatic force = B = Ө nr^og 


с) бли rv + B - mg 


m 
2 | гсөр 
_ 2r(p-o)g 32 22 (4/3)nr 
9 n 9 n 


V 








To find the terminal velocity of rain drops, the forces acting on the drop are, 


i) The weight (4/3)л г? eg downward. 
ii) Force of buoyancy (4/3)x г og upward. 
iii) Force of viscosity 6 л n гу upward. 


Because, o of air is very small, the force of buoyancy may be neglected. 





Thus, 
2 
6 xnrv= ($ нд or v= 2р9 
3 9n 
үз Rn >Re урр 
pD n 


AAA л 





SOLUTIONS TO CONCEPTS 
CHAPTER 15 


v = 40 cm/sec 

As velocity of a wave is constant location of maximum after 5 sec 
= 40 x 5 = 200 cm along negative x-axis. 

-[(x/a)«(t/ T? 


Given y = Ae 
a) [A] = [M°L'T°), [T] = [МЕСТ] 
[а]  [M?L'T^] 


b) Wave speed, v = A/T = a/T [Wave length A = а] 
с) If y = f(t- x/v) > wave is traveling in positive direction 
and if y = f( t + x/v) > wave is traveling in negative direction 
2 
So, y= Ae 1/9072 = Ag UP 
2 2 
M тха 
i.e. y = ft + (x/ v)) 
d) Wave speed, v = a/T 
-. Max. of pulse att = T is (a/T) x T = a (negative x-axis) 
Max. of pulse at t = 2T = (a/T) x 2T = 2a (along negative x-axis) 
So, the wave travels in negative x-direction. 


At t= 1 sec, S4 = м = 10x 1 = 10 cm 
{ = 2 sec, $2 = мі = 10 х 2 = 20cm 
{ = 3 sec, S3 = vt = 10 x 3 = 30 ст 


The pulse is given by, y = (а) / (х — vt)? + а? 
a-5mm = 0.5 ст, v = 20 cm/s 
АЕ! = 0$, у = а? / (х? + а?) 


The graph between y and x can be plotted by taking different values of x. 


(left as exercise for the student) 
similarly, att = 1 s, у= а? / ((x — v} +a} 
and at t = 2 s, у= а? / {(х-— 2%)? +a 
At x = 0, f(t) = a sin (ИТ) 
Wave speed - v 
= À = wavelength = vT (T = Time period) 
So, general equation of wave 
Y = Asin [(t/T) — (x/vT)] [because y = f((t/T) — (x/A)) 
Att = 0, g(x) = Asin (x/a) 
a) [M?L'T?] = [L] 
a = [M°L'T) = [L] 
b) Wave speed = v 
-. Time period, T = a/v (a = wave length = A) 
-. General equation of wave 
y -Asin ((x/a) — t/(a/v)) 
= Asin ((x — vt) / a) 
Att = to, g(x, to) = A sin (x/a) ...(1) 


For a wave traveling in the positive x-direction, the general equation is given by 


Putting t = –{ and comparing with equation (1), we get 
=> g(x, 0) = Asin {(x/a) + (to/T)) 
=> g(x, t) = A sin {(x/a) + (to/T) — (t/T)} 
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10. 


11. 


As T = a/v (a = wave length, v = speed of the wave) 


= y= Asn(ž+ beet | 
а (а/у) (а/у) 


й дэн” +V(ty =) 
a 


х 2m] 
a 
The equation of the wave is given by 
y = (0.1 mm) sin (314 m ")x 43145“ | у= r sin ((2nx/2)) + ot) 
a) Negative x-direction 
b) к= 31.4 т" 
=> 2^/). = 31.4 > X = 2n/31.4 = 0.2 mt = 20 cm 
Again, o = 314 s ' 
=> Inf = 314 => f 314 / 2л = 314 | (2 x (3/14)) = 50 sec? 
-. wave speed, v = Af = 20 x 50 = 1000 cm/s 
c) Max. displacement - 0.10 mm 

Max. velocity = ао = 0.1 x 10! x 314 = 3.14 cm/sec. 
Wave speed, v = 20 m/s 
А = 0.20 cm 
à =2 ст 
Equation of wave along the x-axis 
y = A sin (kx — wt) 
. К=2л/). = 27/2 = n em“ 

T = AW = 2/2000 = 1/1000 sec = 10° sec 

> о = 2л/Т = 2n x 10? sec 

So, the wave equation is, 
х y= (0.2 em)sin[(x сп ')х — (2x х 10? sec yt] 
b) Atx = 2 ст, andt = 0, 

y = (0.2 cm) sin (1/2) = 0 
. V=rocos mx = 0.2 x 2000 x x cos 2x = 400 x 

- 400 x (3.14) - 1256 cm/s 
= 400 x cm/s = 4x m/s 








= у= Asin| 


a 


— 





Y (1 mm) sin л |>- : | 
2cm  0.01sec 


a) T = 2 x 0.01 = 0.02 sec = 20 ms 
À-272x2-24cm 


b) v = ау/ = d/dt [sin 2x (x/4 — t/0.02)] = —cos2n (x/4) — (t/0.02)) x 1/(0.02) 


= у = —50 cos 2n {(x/4) – (t/0.02)} 
at x = 1 and t = 0.01 sec, v = —50 cos 2* [(1/4) - (1/2)] = 0 
с) |) atx=3cm,t=0.01 sec 
= —50 cos 2л (3/4 — 72) = 0 
ii) atx = 5 cm, { = 0.01 sec, у = 0 (putting the values) 
Ш) atx = 7 cm, = 0.01 sec, у= 0 
at x = 1 ст and t = 0.011 sec 


= —50 cos 2л ((1/4) – (0.011/0.02)} = —50 cos (31/5) = -9.7 cm/sec 


(similarly the other two can be calculated) 
Time period, T = 4 x 5 ms = 20x 10° = 2 х 10? s 
à = 2х2ст=4ст 
frequency, f = 1/T = 1/(2 x 10°) = 50s! = 50 Hz 
Wave speed = Af = 4 x 50 m/s = 2000 m/s = 2 m/s 
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12. 


13. 


14. 


15. 


16. 


17. 


Given that, v = 200 m/s 
a) Amplitude, A = 1 mm 
b) Wave length, à = 4 ст 
с) wave number, n = 23/4 = (2 x 3.14)/4 = 1.57 em ^ (wave number - k) 
d) frequency, f = 1/T = (26/1/20 = 20/4 = 5 Hz 

(where time period T = A/v) 
Wave speed = v = 10 m/sec 
Time period = T = 20 ms = 20 x 10? = 2 x 10? sec 
a) wave length, à = vT = 10 x 2x 102 = 0.2 т = 20 cm 
b) wave length, X = 20 cm 
. phase diff" = (27/4) x = (27 / 20) x 10 = x rad 

yı = а sin (ої – кх) > 1.5-asin (ot— Кх) 
So, the displacement of the particle at a distance х = 10 ст. 

2пх 2nx10 T 

[ф 57-50 -0|18 given by 
y2 =a sin (ot — kx + л) > -a sin(ot — kx) = –1.5 mm 
displacement = —1.5 mm 
mass = 5g, length | = 64 ст 
-. mass per unit length = m = 5/64 g/cm 
-. Tension, T = 8N = 8 x 10? dyne 


V = (T/m) = 4(8x10? x64)/5 23200 cm/s = 32 mis 


== 


a) Velocity of the wave, v = J(T/m) = 4(16 x10?)/0.4 = 2000 cm/sec 
Time taken to reach to the other end = 20/2000 = 0.01 sec 
Time taken to see the pulse again in the original position = 0.01 x 2 = 0.02 sec 
b) Att = 0.01 s, there will be a ‘though’ at the right end as it is reflected. 
The crest reflects as a crest here, as the wire is traveling from denser to rarer medium. 
— phase change = 0 
a) To again original shape distance travelled by the wave S = 20 + 20 = 40 cm. 
Wave speed, v = 20 m/s = time = s/v = 40/20 = 2 sec «— 20 cm 
b) The wave regains its shape, after traveling a periodic distance = 2x30 = 60 cm 
-. Time period = 60/20 = 3 sec. 
c) Frequency, n = (1/3 sec ?) 
n = (1/21) (T /m) т = mass per unit length = 0.5 g/cm 30 cm 
=> 1/3 = 1/(2 х 30) /(T/0.5) 


=> T = 400 x 0.5 = 200 dyne = 2 x 10? Newton. 
Let v, = velocity in the 1*' string 


=> му J(T/m,) 





Because т. = mass per unit length = (p4a4l; / 1) = ра. where a, = Area of cross section 
>x = 4(Т/ра,) ...(1) 

Let v2 = velocity in the second string 

=> V2 = J(T/m?) 

>V2= J(T/ pra) ...(2) 

Given that, у; = 2v; 

> (Т /ра,) = 2 J(T/ рда») => (T/aip1) = 4(T/azp2) 

=> р1/р2 = 1/4 > рл: p2=1:4 (because a, = a2) 
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18. 


19. 


20. 


21. 


22. 


23. 


т = mass per unit length = 1.2 x 10* kg/mt 
Y = (0.02m) sin [(1.0 m ')x + (30 s ')t] 
Неге, k = 1 m^ = 2л/). 
o = 30s = 2лї 
-. velocity of the wave in the stretched string 
v = Af = œk = ЗОЛ = 30 m/s 
— v2 УТ/т = 304(T/1.2)x10^N) 
=Т= 10.8 x 102 N > Т = 1.08 x 107 Newton. 
Amplitude, A = 1 cm, Tension T = 90 М 
Frequency, f = 200/2 = 100 Hz 
Mass per unit length, m = 0.1 kg/mt 
а) 2V- VT/m = 30 m/s 
À = МЁ = 30/100 = 0.3 т = 30 cm 
b) The wave equation у = (1 cm) cos 2m (10.01 s) — (x/30 cm) 
[because at x = 0, displacement is maximum] 
с) у= 1 cos 2n(x/30 —t/0.01) 
=> v = dyldt = (1/0.01)27л sin 2x ((x/30) – (t/0.01)} 
a = dv/dt = — (Ax? / (0.01)*} cos 2л {(x/30) — (t/0.01)} 
When, x = 50 cm, t= 10 ms = 10 x 10? s 
x = (2x. / 0.01) sin 2x ((5/3) – (0.01/0.01)) 
= (p/0.01) sin (2x x 2 / 3) = (1/0.01) sin (47/3) = —200 x sin (1/3) = —200 nx (43/2) 
= 544 cm/s = 5.4 m/s 
Similarly 
а = {47° / (0.01)?} cos 2л {(5/3) — 1} 
= 4л? x 10* x % => 2 x 10° cm/s? > 2 km/s? 
| = 40 cm, mass = 10g 
-. mass рег unit length, т = 10 / 40 = 1/4 (g/cm) 
spring constant К = 160 N/m 
deflection = x = 1 cm = 0.01 m 
=> T = kx = 160 x 0.01 = 1.6 N = 16 x 10* dyne 


Again v /(Т/т) = 4(16х105/(1/4) = 8х 10? cm/s = 800 cm/s 
-. Time taken by the pulse to reach the spring 

t = 40/800 = 1/20 = 0/05 sec. 

m, = m? = 3.2 kg 


mass per unit length of AB = 10 g/mt = 0.01 kg.mt Bô à 
mass per unit length of CD = 8 g/mt = 0.008 kg/mt oo 
for the string CD, Т= 3.2 xg ma 





>= (T/m) = 4(3.2x10)/0.008 = /(32x10°)/8 = 2x104/10 = 20 x 3.14 = 63 m/s 
for the string AB, T22x3.2g =6.4 хд = 64 М 
— v2 /(Т/т) = 4(64/0.01) = /6400 = 80 m/s 
Total length of string 2 + 0.25 = 2.25 mt 
45x10? _ 
225 | 





- 


Mass рег unit length m = 2 x 10? kg/m 


T=2g=20N 

Wave speed, v = (T/m) = J20 (210°) = J10^ = 10? m/s = 100 m/s 
Time taken to reach the pully, t = (s/v) = 2/100 = 0.02 sec. 3 
m = 19.2 х 1073 kg/m fa=2mis 
from the freebody diagram, 

Т-44-4а-0 4 kg 
>Т=4(а +9) = 48 М 

wave speed, v = J(T/m) = 50 m/s 
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24. 


25. 


26. 


Let M = mass of the heavy ball 
(m = mass per unit length) 


Wave speed, v, = /(T/m) = J(Mg/m) (because T = Mg) 


ELA 
= 60 = J(Mg/m) = Ма/ т = 60? ...(1) T 
From the freebody diagram (2), 


Уг = J(T'/m) Mg 











(Мау + (Мой ur 
= 0 = us (because T’ = \(Ма} +(Mg) ) 
m 
2 211/4 177727 
— 62 = ИМӘ) + (М9) ] 1 a 
m =» 
| 
2 2 Ма 
> x(May *(Mg) = 62? ...(2) 
m 
Eq(1) + Eq(2) = (Mg/m) x [m / (Ма)? + (Mg)? ] = 3600 / 3844 AM 


= g/ (a? +92) = 0.936 = 97 / (а? + g^) = 0.876 

= (а? + 100) 0.876 = 100 

= а? x 0.876 = 100 - 87.6 = 12.4 

= а? = 12.4 / 0.876 = 14.15 > a = 3.76 m/s? 

<. Acce” of the car = 3.7 m/s? 

т = mass per unit length of the string 

R - Radius of the loop 

œ = angular velocity, V = linear velocity of the string 

Consider one half of the string as shown in figure. 

The half loop experiences cetrifugal force at every point, away from 
centre, which is balanced by tension 2T. 

Consider an element of angular part d0 at angle 0. Consider another 
element symmetric to this centrifugal force experienced by the element 
= (mRd0)oR. 

(...Length of element = Каб, mass = mRd0) 

Resolving into rectangular components net force on the two symmetric elements, 


ОЕ = 2mR? 40%? sin Ө [horizontal components cancels each other] 
п/2 
So, total Е = | 2mR?o? зт040 = 2mR'o [- cos0] > 2mR?o* 
0 


WR 





Again, 2T = 2mR?o* —T-2mR'o* 
Velocity of transverse vibration V = УТ/т = оВ = V 
So, the speed of the disturbance will be V. 
а) m 5 mass per unit of length of string 
consider an element at distance 'x' from lower end. 
Here wt acting down ward = (mx)g = Tension in the string of upper part 





Velocity of transverse vibration = v = /T/m = J(mgx/m) = ах) 
b) For small displacement ах, dt = dx / J(gx) 


L 
Total time Т = [ах//ох = ,/(4L/g) 
0 


с) Suppose after time Ф from start the pulse meet the particle at distance у from lower епа. 


y р 
t= [dx/ fox = /(4y79) 4 т, 
0 


B 
-. Distance travelled by the particle in this time is (L — y) Тв 
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28. 


29. 


30. 


31. 


32. 


33. 


- S-ut* 1/2 gt? 


=L -y (1/29 x Q(4y/gY) {u = 0} 


>Е-у=2у = Зу=Ё 
> y = ШЗ. So, the particle meet at distance L/3 from lower end. 
Ma = 1.2 x 10? kg/m, ТА = 4.8N 
= МА = УТ/т = 20 mis 
тв = 1.2 x 107 kg/m, Тв = 7.5 N 
=> Vs = УТ/т = 25 mis 
t= О іп string A 
t4 = 0 + 20 ms = 20 x 10? = 0.02 sec 
In 0.02 sec А has travelled 20 x 0.02 = 0.4 mt 
Relative speed between A and В = 25 - 20 = 5 m/s 
Time taken for B for overtake A = s/v = 0.4/5 = 0.08 sec 
г= 0.5 mm = 0.5 x 10? mt 
f = 100 Hz, T = 100 М 
v = 100 m/s 
у = УТ/т = v! = (T/m) = m = (ТА?) = 0.01 kg/m 
Pave = 21^ mvr’? 
= 2(3.14) (0.01) х 100 x (0.5 x 1073)? x (100)? = 49 x 10? watt = 49 mW. 
A = 1 тт = 10? m, m = 6 g/m = 6 x 10? kg/m 
T = 60 N, f = 200 Hz 
-. V 2 T/m = 100 m/s 
а) Paverage = 272 mv А = 0.47 W 
b) Length of the string is 2 m. So, t = 2/100 = 0.02 sec. 
Energy = 2n? mvf^A*t = 9.46 mJ. 
f = 440 Hz, m = 0.01 kg/m, Т = 49 N, r = 0.5 x 10? m 
a) v 2JT/m = 70 m/s 
b) у= МА = v/f 16 ст 
с) Paverage = 21^ mvr’? = 0.67 W. 
Phase difference ф = л/2 
f and à are same. So, о is same. 
y1 =r sin wt, y; = rsin(wt + 2/2) 
From the principle of superposition 
Y=yityo2 =rsinwt+rsin (wt + 7/2) 
= r[sin wt + sin(wt + л/2)] 
= r[2sin((wt + wt + 1/2)/2) cos ((wt — wt — 1/2)/2)] 
=> y = 2r sin (wt + 1/4) cos (—1/4) 
Resultant amplitude = 2 г= 442 mm (because г = 4 mm) 
The distance travelled by the pulses are shown below. 


t-4msz-z4x10?s $=М = 50 х 10 x 4 x 10? = 2mm 
{= 8 тз = 8х 1033 $ = № = 50 х 10 х 8 103 = 4mm 
{ = бтз = бх 103$ s-3mm 


t=12ms=12x10°s  s=50 x10 x12 x 10? 2 6 mm 
The shape of the string at different times are shown in the figure. 
f = 100 HZ, 422cm-2x10?m 
~ wave speed, v = fà = 2 m/s 
а) in 0.015 вес 1° wave has travelled 
x = 0.015 x 2 = 0.03 m = path diff" 


. corresponding phase difference, ф = 2xx/4 = (2x / (2 x 107)} x 0.03 = Зл. 


b) Path different = 4 cm = 0.04 m 


10 14 
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34. 


35. 


36. m= 


37. 


38. 


39. 


40. 


41. 


=> ф = (2u/A)x = (25/2 x 10?) x 0.04) = 4n. 
с) The waves have same frequency, same wavelength and same amplitude. 
Let, y4 = r sin wt, y = r sin (wt + $) 
> y = уг + у; = г[ѕіп wt + (wt + 0) 
= 2r sin (wt + ф/2) cos (9/2) 
resultant amplitude = 2r cos 4/2 
So, when ф = Зл, r = 2 х 10? m 
Rres = 2 x (2 х 10?) cos (31/2) = 
Again, when ф = 47, В. = 2 х P х 103) cos (41/2) = 4 mm. 
[= 1 т, М = 60 m/s 
2. fundamental frequency, fp = V/2I = 30 sec | = 30 Hz. 
| = 2m, fo = 100 Hz, T = 160 М 
= 1/2 (Т/т) 
= т = 1 g/m. So, the linear mass density is 1 g/m. 
(4/80) g/ cm = 0.005 kg/m 
T = 50 М, | = 80 ст = 0.8 т 
(Т/т) = 100 m/s 


fundamental frequency fp = 1/2 /(Т/т) = 62.5 Hz 
First harmonic = 62.5 Hz 
f4 = frequency of fourth harmonic = 41, = Ез = 250 Hz 
V = fọ л > № = (УЛ) = 40 cm. 
| = 90 ст = 0.9 m 
= (6/90) g/cm = (6/900) kg/mt 
f = 261.63 Hz 
f= 1/2. (Т/т) = T = 1478.52 М = 1480 М. 


First harmonic be К, second harmonic be f; 
z. f1 2fo 
=> fo = f,/2 
Н = 256 Hz Ё 
5157 harmonic or fundamental frequency *— 15cm —” 
fo = f,/2 = 256 / 2 = 128 Hz 
М2 = 1.5 т => А = 3m (when fundamental wave is produced) 
= Wave speed = V = 01 = 384 m/s. 
| = 1.5 m, mass – 12g 
=> т = 12/1.5 g/m = 8 x 10? kg/m 
Т =9ха = 90 М 
A= 1.5 т, fy = 2/21 /Т/т 
[for, second harmonic two loops are produced] 
fi = 2fo > 70 Hz. 
A string of mass 40 g is attached to the tuning fork 
= (40 x 107) kg/m 


m 
The fork vibrates with f = 128 Hz 
=0.5т Сх 


у= fA = 128 х 0.5 = 64 m/s 
= УТ/т = Т = ут = 163.84 М = 164 М. 


This wire makes a resonant frequency of 240 Hz and 320 Hz. 


The fundamental frequency of the wire must be divisible by both 240 Hz and 320 Hz. 
a) So, the maximum value of fundamental frequency is 80 Hz. ы 
b) Wave speed, v = 40 m/s 

=> 80 = (1/21) x 40 = 0.25 m. 





15.7 


Chapter 15 





42. 


43. 


44. 


45. 


46. 


4T. 


Let there be ‘п’ loops in the 1° case 


=> length of the wire, | = (nA,)/2 [A,=2x2=4cm] EX 
So there are (n + 1) loops with the 2™ case 


=> length of the wire, | = {(n+1)A/2 [A = 2 x 1.6 = 3.2 ст] 


> пу2 = ҮЙ 


н Е 
> пх4 = (п+1) (3.2) = п= 4 4——— 


-. length of the string, | = (n44)/2 = 8 cm. 
Frequency of the tuning fork, f = 660 Hz 
Wave speed, v = 220 m/s > X = v/f = 1/3 m 


No.of loops = 3 
a) So, f = (3/21)у = | = 50 ст 
b) The equation of resultant stationary wave is given by 


y = 2A cos (2nx/Ql) sin (2nvt/A) 

=> y = (0.5 cm) cos (0.06 x cm ^) sin (1320 zs ^t) 
|. = 30cm = 0.3 т 
fı = 196 Hz, f = 220 Hz 
We know f с (1Л) (as V is constant for a medium) 





йе => |5 = 26.7 cm 
f h 

Again f3 = 247 Hz 
f l = 0.3 


=> |3 = 0.224 т = 22.4 cm and l; = 20 cm 

Fundamental frequency f, = 200 Hz 

Let l, Hz be nth harmonic 

— F/F; = 14000/200 

=> NF,/F, = 70 >N=70 

-. The highest harmonic audible is 70" harmonic. 

The resonant frequencies of a string are 

|! = 90 Hz, f2 = 150 Hz, Ъ = 120 Hz 

a) The highest possible fundamental frequency of the string is f - 30 Hz 
[because f4, f2 and fs are integral multiple of 30 Hz] 

b) The frequencies are f, = ЗЇ, f2 = 5f, В = 7f 


So, fi, f and f; are 3 harmonic, 5" harmonic and 7" harmonic respectively. 


с) The frequencies in the string are f, 2f, ЗЇ, 4f, 5f, .......... 
So, 3f = 2" overtone and 3 harmonic 
5f = 4" overtone and 5" harmonic 
7f = 6" overtone and 7" harmonic 
d) length of the string is | = 80 cm 
> fı = (3/2)у (у = velocity of the wave) 
— 90 - (3/(2x80)) x K 
=> K = (90 x 2 x 80) / 3 = 4800 cm/s = 48 m/s. 


Frequency f = Ж ш иг T ue >f, = um ne: 
ID V xp LD, \ xp, ln» V лрг 


Given that, T4/T2 Ши 2, її Ifo =3 = 0./0> 











pit 

р2 2 

So, и _ЬО? 1 |ZP2 (1. =, = length of string) 
f, LD, VT, (тр, 

> f 2 fo 22: 3 


я | — 
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49. 


50. 


51. 


52. 


Length of the rod = L = 40 ст = 0.4 m 
Mass of the rod m = 1.2 kg 
Let the 4.8 kg mass be placed at a distance 


‘x’ from the left Ai Tı T 
Given that, f, = A B C 
tf. Ял 40 ст 
| 2 
T T 

> 4 =25 154 ...(1) B 

r r A C 
From the freebody diagram, 
Т + T, =60N 12N 48N 


=> 4T, +T, = 60 М 

. Т, = 12 М and Т = 48 М 

Now taking moment about point A, 
Т, x (0.4) = 48x + 12 (0.2) = x = 5 ст 

So, the mass should be placed at a distance 5 cm from the left end. 

ps = 7.8 9/ст? ‚ РА = 2.6 g/cm? 

Ms = ps А. = 7.8 х 107° g/cm (m = mass per unit length) acm enu 
Ma = рд АА = 2.6 x 10^ x 3g/cm = 7.8 x 10" kg/m 
A node is always placed in the joint. Since aluminium and steel rod has EXT EE 
same mass per unit length, velocity of wave in both of them is same. ы 
=>v=vT/m = 500/7 т/х 

For minimum frequency there would be maximum wavelength for maximum wavelength minimum no of 
loops are to be produced. 

. maximum distance of a loop = 20 cm 

=> wavelength = à = 2 x 20 = 40cm 0.4 m 

^ f= МА, = 180 Hz. 

Fundamental frequency 
V = 1/21 JT/m = УТ/т =v2l [VT/m = velocity of wave] 

a) wavelength, à = velocity / frequency = v21 / v = 21 

and wave number = К = 2x/A = 2n/21 = ql 
b) Therefore, equation of the stationary wave is 


y = cos (2nx/?.) sin (2nVt / L) Ss ү===—=—=—=з 
= A cos (2nx / 2l) sin (2nVt / 2L) 
v = VI2L [because v = (v/21)] 


V = 200 m/s, 2A = 0.5 m 
а) The string is vibrating in its 1° overtone 


—A21-22m 
—f-wX-100Hz < 
b) The stationary wave equation is given by < ч 
у=2А cos 27* sin 202 s 
A À 
= (0.5 cm) cos (лт )х| sin (200 ns ‘)t] 
The stationary wave equation is given by 
y = (0.4 cm) sin [(0.314 cm – 1)х] cos [(6.00 «s yt] 
а) о = 600 пл => 2nf = 600 л > f = 300 Hz 
wavelength, A = 27/0.314 = (2 х 3.14)/ 0.314 = 20 cm 
b) Therefore nodes are located at, 0, 10 cm, 20 cm, 30 cm 0 
с) Length of the string = 34/2 = 3 x 20/2 = 30 cm І 
d) у= 0.4 sin (0.314 x) cos (600 xt) = 0.4 sin ((1/10)x] cos (600 nt) 
since, à and v are the wavelength and velocity of the waves that interfere to give this vibration X = 20 
cm 
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53. 


54. 


55. 


56. 


57. 


v= o/k = 6000 cm/sec = 60 m/s 
The equation of the standing wave is given by 
y = (0.4 cm) sin [(0.314 ст” )x] cos [(6.00 ns Jt] 
=> К = 0.314 = 1/10 
=> 2n/À = 1/10 > А = 20 cm 
for smallest length of the string, as wavelength remains constant, the string 
should vibrate in fundamental frequency a 
=> |= М2 = 20 ст / 2 = 10 cm 
Е = 40 ст = 0.4 m, mass = 3.2 kg = 3.2 x 10? kg 


-. mass per unit length, m = (3.2)/(0.4) = 8 x 10? kg/m string 
change in length, AL = 40.05 — 40 = 0.05 x 1072 т 2 
strain = AL/L = 0.125 x 107 т 2 
f = 220 Hz = D Я: > 





fz LE- ! T -Т= 248.19 М 
2l'Vm | 2x(0.4005)N8x10? 


Strain = 248.19/1 mm? = 248.19 x 107 
Y = stress / strain = 1.985 x 107" N/m? 
Let, p > density of the block 
Weight p Vg where V - volume of block 
The same turning fork resonates with the string in the two cases 
fee 1 [Mee - сес 
2 т 21 т 
As the f of tuning fork is same, 




















10 | рУд 11 (р-р, )М 
fio = f1 > 2 РЗ ШЕ fe Pu) : 
10  |p-py EX pt. T00 (because, pw 1 gm/cc) 
11 m p 121 


= 100p = 121 p — 121 = 5.8 x 10? kg/m? 

| = length of rope = 2m 

M = mass = 80 gm = 0.8 kg 

mass per unit length = m = 0.08/2 = 0.04 kg/m 
Tension T = 256 М 


Velocity, V = УТ/т = 80 m/s 
For fundamental frequency, 
124/45 ^=4|=8т 
=> f = 80/8 = 10 Hz 
a) Therefore, the frequency of 17 two overtones аге 
1* overtone = 3f = 30 Hz 
2" overtone = 5f = 50 Hz 
b) м=4= 8 т 
М=М= 2.67 т 
ho = МЮ = 1.6 mt 
So, the wavelengths are 8 m, 2.67 m and 1.6 m respectively. 
Initially because the end A is free, an antinode will be formed. 
50,1501/4 
Again, if the movable support is pushed to right by 10 m, so that the joint is placed on the pulley, a node 
will be formed there. 
So, [= 25/2 
Since, the tension remains same in both the cases, velocity remains same. 
As the wavelength is reduced by half, the frequency will become twice as that of 120 Hz i.e. 240 Hz. 


^^^ 





Initial position 






Final position 
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SOLUTIONS TO CONCEPTS 
CHAPTER - 16 


Vai? 230 m/s. V, = 5200 m/s. Неге $ = 7 m 
1 1 
330 5200 

Here given $ = 80m x 2= 160 m. 
v = 320 m/s 

So the maximum time interval will be 
t = 5/v = 160/320 = 0.5 seconds. 

He has to clap 10 times in 3 seconds. 

So time interval between two clap = (3/10 second). 

So the time taken go the wall = (3/2 x 10) = 3/20 seconds. 
- 333 m/s. 

a) for maximum wavelength n = 20 Hz. 


as t 
1 А 


b) for minimum wavelength, n = 20 kHz 
-. А = 360/ (20 x 103) = 18 x 10? m = 18 mm 
=> x = (м/п) = 360/20 = 18 m. 

a) for minimum wavelength п = 20 KHz 

1450 

20 x10? 

b) for maximum wavelength n should be minium 
> у= ПА = А = м/п > 1450 / 20 = 72.5 m. 

According to the question, 

а) à =20 ст х 10 = 200 ст= 2 т 


So, t=t -t= ( J= 275» 10? sec = 2.75 ms. 


зүхэх | 725 от, 





v = 340 m/s 

so, n = V/A = 340/2 = 170 Hz. 

N-2vA— 3 ET = 17.000 Hz = 17 КН) (because A = 2 cm =2 x 10? m) 
x 


a) Given Vair = 340 m/s , n = 4.5 x10? Hz 
=> Ла" = (340 / 4.5) x 10° = 7.36 x 10? т. 
b) Viissue = 1500 m/s = At = (1500 / 4.5) x 10? = 3.3 x 10^ m. 
Here given г, = 6.0 x 10? т 
a) Given 2z/A = 1.8 2 A = (2л/1.8) 
ty 6.0x(1.8)x10?m/s 





So, =1.7x10°m 
3, 2n 
b) Let, velocity amplitude = V, 
V = dyldt = 3600 cos (600 t — 1.8) x 10? m/s 
Here V, - 3600 x 10? m/s 
Again, X = 21/1.8 and T = 21/600 = wave speed = v = A/T = 600/1.8 = 1000 / 3 m/s. 
-5 
So the ratio of (Vy/v) = 2 
1000 
a) Here given n = 100, v = 350 m/s 
= М _ 350 _ 3.5 
n 100 


In 2.5 ms, the distance travelled by the particle is given by 
Ах = 350 x 2.5 x 107 
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10. 


11. 


12. 


13. 


14. 


So, phase difference ф = OW geek. AB een ewig =(n/2). 
5 (350/100) 


b) In the second case, Given An = 10 cm = 107 т 








-1 
So, ф = ZU uo AI =2n/35. 
x (350/100) 
a) Given Ax = 10 cm, à = 5.0 cm хас 0-2 B 10^cm 
>ф= fT A= fE 1054r. | 20 cm 


So phase difference is zero. 
b) Zero, as the particle is in same phase because of having same path. 
Given that p = 1.0 x 10? N/m?, T = 273 K, M = 32 g = 32 x 10? kg 
V = 22.4 litre = 22.4 x 10? m? 
С/С, =г= 3.5 В /2.5 В = 1.4 


-5 
- \у = EP- VALNO AIO = 310 m/s (because p = m/v) 
f 32/22.4 


М; = 330 m/s, V2 =? 
Т, = 273 + 17 = 290 К, Т, = 272 + 32 = 305 К 
We know v ос JT 
T ce сыр 
2 
JS. Ts VT 


= 340x (228 = = 349 mis. 
290 


T4 = 273 V2 2М, 
Vi=v T2? 

















ый 2 Т2 = 273 х 2°=4 х 273 К 
М? 
So temperature will be (4 x 273) – 273 = 819°с. 
The variation of temperature is given by 


(bala). 
z 41) 


T 
We know that V T> — Vi- —— 
gaT Т = т = “(273 


—dt- х | Тю Т, 


We know that V ос JT > — 


ТЕТ, + 


4———— d — 


—t- 





| dx 
о [T + (T2 -Т,)/ дух? 








_ V273 2d 1,4 Bat xÉ- Ө! J273 нь [f 


V  T-1, V ДТ, - T, 


24 4273 
Ven 
Putting the given value we get 


_ 2х33 273 


330  J280 +4310 


=Т= 


= 96 ms. 
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15. 


16. 


17. 


18. 


19. 


We know that v = JK/p 


Where К = bulk modulus of elasticity 
= K = у? р (1330)? x 800 N/m? 








We know К = Es 
AVIV 
5 
> AV = Pressures | 2x10 
K 1330 x 1330 x 800 


So, AV = 0.15 cm? 
We know that, 
Bulk modulus В = AP = Pod 
(AV/V) 255, 
Where P, = pressure amplitude = Ри = 1.0 x 10° 
So = displacement amplitude = S; = 5.5 x 10° m 
_ 14x35x10 т 
2n(5.5)x10-9m 
а) Here given Vair = 340 m/s., Power = ЕЛ = 20 W 
f = 2,000 Hz, p = 1.2 kg/m? 
So, intensity | = ЕЛ.А 
20 20 


su z =44 mw/m? (because r = 6m) 
Tr XTX 


= 1.4 x 10? N/m’. 








2 
b) We know that | = N => Py =4/1x 2PVair 


аг 





= J2x1.2x340 x44 x 10? = 6.0 N/m’. 


c) We know that | 5 2x^S2v?pV where So = displacement amplitude 


l 
аа 
л р рМ,с 


Putting the value we get S, = 1.2 x 10? m. 
Неге 1, = 1.0 x 10? wm? ; 1; = ? 
r4 = 5.0 т, ro = 25 т. 


We know that | сс га 
r 


2. 2 X lr? 
= lar, = lore => 5 = -> 
Г2 
-8 
540510” а T 
625 


We know that В = 10 100:0 E 
0 


AT 10088, в = 101og ® 
lo b 
— la / lọ = 1004/10) — 1, = 10088710) 


2 2 
la в 50 10(ВАВв) =102 
lg r 5 








> №2 Ba – Вв =20 


=> Вв = 40 — 20 = 20 ap. 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


We know that, В = 10 log:o J/lo 

According to the questions 

Ba = 10 logio (2116) 

= pa — Ba = 10 log (21) = 10 x 0.3010 = 3 dB. 

If sound level = 120 dB, then | = intensity = 1 W/m? 

Given that, audio output - 2W 

Let the closest distance be x. 

So, intensity = (2 / 4х2) = 1 > х? = (2/2л) > x = 0.4 m = 40 ст. 
p = 50 dB, B; = 60 dB 

"` h = 107 Wim’, 15 = 10? Wim? 

(because В = 10 log:o (1/1), where Ip = 10 ^ w/m?) 

Again, 1/1, = (p2/p1)}? (105/107) = 10 (where p = pressure amplitude). 


25 (p2/ p) = 410 . 


Let the intensity of each student be 1. 
According to the question 


501 100 | 
Ba = 39199105 Вв = totes | | 
0 0 








501 1001 
= Ps- Pa = 1010910 = — - 105] | | 
0 0 


= 1091921 -10109,62-3 


So, ВА = 50 + 3 = 53 dB. 

Distance between tow maximum to a minimum is given by, A/4 = 2.50 cm 
=>2=10cm=10'm 

We know, V = nx 


a) According to the data 

ЛА = 16.5 тт = X = 66 mm 66 x 109? m 

330 

EH = oe 
^ 66x10 
b) minimum = К(А, — Ad) -1-А(-Ас511 

Imaximum = K(Ay + Az)” = 9 > Ay + A; = 31 

So, А САА АГА» = 2/1 

A+A, 4 

So, the ratio amplitudes is 2. 
The path difference of the two sound waves is given by 
ДЕ = 6.4 — 6.0 = 0.4 т 


= 5 kHz. 





The wavelength of either wave = X = М. = 320 (m/s) 
р р 


For destructive interference AL = D where n is an integers. 








ог 0.4 т = азан 
2 p 
—À 320 = 8002 1 Hz- (2n + 1) 400 Hz 


Thus the frequency within the specified range which cause destructive interference are 1200 Hz, 
2000 Hz, 2800 Hz, 3600 Hz and 4400 Hz. 
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2T. 


28. 


29. 


30. 


31. 


According to the given data 
V = 336 m/s, 


2/4 = distance between maximum and minimum intensity 


= (20 ст) > A = 80 cm 
=> п = frequency = У эксе = 420 Hz. 
X 80x10? 


Here given A = d/2 


2 
Initial path difference is given by = 2 3) +249? -d 


If itis now shifted a distance x then path difference will be 





- 41 | «ea +x)? 4-1(2 | J 


"OE AE 16942 _, 153 р 


64 64 
= J2d«x-154d = х= 1.54 d — 1414 d = 0.13 d. 





As shown in the figure the path differences 2.4 = Ax = 


Again, the wavelength of the either sound waves = 520) 


р 
We know, destructive interference will be occur 


If Ax = (2n «1». 





(2n +1) 320 
2 p 





=> (3.27 + (2.4)? -(3.2) = 


Solving we get 


2n 4.1)400 


ET = 200(2n +1) 


where п = 1, 2, 3, ...... 49. (audible region) 
According to the data 
à = 20 ст, 31532 = 20 ст, BD = 20 cm 


(3.2)? 


H 


+(2.4)? -3.2 





еп 


=х/4 


(4/2)? + 2d? 


(3.2)? + (2.4? 





Let the detector is shifted to left for a distance x for hearing the 


minimum sound. 

So path difference Al = BC — AB 

= (20)? +(10 +x)? - (20)? + (10 x? 

So the minimum distances hearing for minimum 

= (2041). à 20 
2 2. 








= 10 cm 








> (20)? +(10- х)? – J(20)? + (10 - x? = 10 solving we get x = 12.0 ст. 








5, cm mm 21872248 Sem Mc IS 





Given, F = 600 Hz, and v = 330 m/s = 2 = v/f = 330/600 = 0.55 mm 
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32. 


33. 


34. 


35. 


36. 


3T. 


38. 


Let OP =D, РО = у> 0 = y/R ...(1) 
Now path difference is given by, x = 5:0 - S4Q = yd/D 
Where d = 2m 


[The proof of x = yd/D is discussed in interference of light waves] 
a) For minimum intensity, x = (2n + 1)(A/2) 
-. yd/D = 2/2 [for minimum y, x = 2/2] 
^ y/D = 0 = 4/2 = 0.55 / 4 = 0.1375 rad = 0.1375 х (57.1)° = 7.9? 
b) For minimum intensity, x = 2n(A/2) 
yd/D = X => y/D = Ө = A/D = 0.55/2 = 0.275 rad 
70 = 16° 
с) For more maxima, 
yd/D = 21, 3A, 4A, ... 
= y/D = 0 = 32°, 64°, 128° 
But since, the maximum value of 0 can be 90°, he will hear two more maximum i.e. at 32° and 64°. 


A2 

5, 5, Ss P о 
Because the 3 sources have equal intensity, amplitude are equal 120° 22 
So, A, = A; = A Р 
As shown in the figure, amplitude of the resultant = 0 (vector method) 
So, the resultant, intensity at B is zero. As 
The two sources of sound S, and S; vibrate at same phase and frequency. 5 
Resultant intensity at P = 1, 
a) Let the amplitude of the waves at $. and 5, be ‘г. 

When Ө = 45°, path difference = S,P — S;P = 0 (because $;Р = S;P) 

So, when source is switched off, intensity of sound at P is I)/4. Л N 
b) When 9 = 60°, path difference is also 0. 5, 5: 


Similarly it can be proved that, the intensity at P is lọ / 4 when one is switched off. 





If V = 340 m/s, |= 20cm = 20 x 10° m 

Fundamental frequency = LAT 290 > = 850 Hz 
21 2х20х107 
2V | 2x340 





We know first over tone (for open pipe) = 1750 Hz 


21 2x20x107 
Second over tone = 3 (V/21) = 3 x 850 = 2500 Hz. 
According to the questions V = 340 m/s, n = 500 Hz 
We know that \//41 (for closed pipe) 
>| = 340 m = 17 cm. 

4x500 

Here given distance between two nodes is = 4. 0 cm, 
= = 2 x 4.0 = 8 ст 
We know that v = пл 








328 
>n N 4.1 Hz. 
V = 340 m/s 
Distances between two nodes or antinodes 
= М4 = 25 cm 


> ^ = 100 ст =1т 

= п = \/^, = 340 Hz. 

Here given that 1 = 50 cm, v = 340 m/s 

As itis an open organ pipe, the fundamental frequency f; = (v/21) 
340 


=— |" t. m0 Hz. 
2х50х10-2 








39. 


40. 


41. 


42. 


43. 


44. 


45. 


So, the harmonies are 
f3 = 3 х 340 = 1020 Hz 
fs = 5 x 340 = 1700, fs = 6 x 340 = 2040 Hz 


so, the possible frequencies are between 1000 Hz and 2000 Hz are 1020, 1360, 1700. 


Here given l2 = 0.67 т, 1, = 0.2 т, f = 400 Hz 
We know that 

À = 2(15 — 14) > A = 2(62 — 20) = 84 ст = 0.84 m. 
Зо, у = na = 0.84 x 400 = 336 m/s 

We know from above that, 

м + d= М4 = а= А14 – |, = 21 – 20 = 1 ст. 
According to the questions 





fı first overtone of a closed organ pipe P, = 3v/4l = Std 
4x30 
f2 fundamental frequency of a open organ pipe P; = 3 
2 
Here given 22 MA DES l2 = 20cm 
4x30 2, 


-. length of the pipe Р, will be 20 cm. 
Length of the wire = 1.0 m 

For fundamental frequency 2/2 = | 
—A422122x1-22m 

Here given n = 3.8 km/s = 3800 m/s 

We know > у = na > п = 3800 / 2 = 1.9 КН. 


So standing frequency between 20 Hz and 20 kHz which will be heard are 


=n x 1.9 kHz where n = 0, 1, 2, 3, ... 10. 
Let the length will be I. 

Here given that V = 340 m/s and n = 20 Hz 
Here 4/2 21 2 А = 21 








We knowV-2nXil- ын 557 - - = 8.5 ст (for maximum wavelength, the frequency is minimum). 
n x 
a) Here given I = 5 cm = 5 x 10? m, v = 340 m/s 
> п= 21-22 ET, KHz 
21 2x5x10^? 


b) If the fundamental frequency = 3.4 KHz 

=> then the highest harmonic in the audible range (20 Hz - 20 KHz) 
.. 20000 
_ 3400 





= 5.8 = 5 (integral multiple of 3.4 KHz). 


The resonance column apparatus is equivalent to a closed organ pipe. 


Here | = 80 ст = 10 x 10? т; v = 320 m/s 
> По = v/4l = = її Н2 
4х50х10- 


So the frequency of the other harmonics are odd multiple of пи = (2n + 1) 100 Hz 
According to the question, the harmonic should be between 20 Hz and 2 KHz. 


Let the length of the resonating column will be = 1 
Here V = 320 m/s 








Then the two successive resonance frequencies are (EET and 
| (n+1)v nv 
Here given "T = 2592; \ = ЯЛ = 1944 
шэн За 2592 — 1944 = 548 ст = 25 ст. 
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46. 


4T. 


48. 


49. 


50. 


51. 


Let, the piston resonates at length |, and l2 
Неге, | = 32 ст; v = ?, п = 512 Hz l 
Now > 512 = v/X "Е 


= у = 512 x 0.64 = 328 m/s. mE 
(5414) 


Let the length of the longer tube be L, and smaller will be L4. 








According to the data 440 - ый ны ...(1) (first over tone) 
X15 
and 440 = 3 .44(2) (fundamental) 
А 


solving equation we get Lz = 56.3 cm and |. = 18.8 cm. 
Let по = frequency of the turning fork, T = tension of the string 
Е = 40cm = 0.4 m, m = 4g = 4 x 10? kg 
So, m = Mass/Unit length = 107? kg/m 
ost ME 
27 2 m^ 
So, 2" harmonic 2n, = (2/21) /T /m 
As it is unison with fundamental frequency of vibration in the air column 


=> 2п0 = 340. 85 Hz 
4x1 


Зу 2 Eo up SUN (0.4) x 10? = 11.6 Newton. 
2x0.4 114 

Given, m = 10 9 = 10 х 1073 kg, | = 30 ст = 0.3 т 

Let the tension in the string will be = T 

u = mass / unit length = 33 x 107 kg 





The fundamental frequency = по = AL ...(1) 
u 


2 
The fundamental frequency of closed pipe 
340 
=> ng = (v/4l) — — —5 = 170 Hz (2 
Жыш 2 


According equations (1) х (2) we get 


170 = 1 5х | t 3 
2x30x10^ 33x10^ 


=> T = 347 Newton. 
We know that f oc JT 
According to the question f + Af oc VAT + T 


1/2 
> + АЕ _ a >1+ 2 (1) =1+ Tal +... (neglecting other terms) 











f f T 2T 
шар, 
ї Т 


We know that the frequency = f, T = temperatures 


fo JT 
f T^ .293 4/293 











So - 
б ao f 4295 
MS 293 х /295 _ 584 
4293 
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52. 


53. 


54. 


55. 


56. 


5T. 


58. 


59. 


Моа = ?, Var = 340 m/s, L, = 25 x 107, d; = 5 x 10? metres 
V. 2 340х25х102 x 


ГЕ М, = 


Va D, 5x107? 
a) Here given, L, = 1.0/2 = 0.5 m, da = 6.5 cm = 6.5 x 1072 т 
As Kundt's tube apparatus is a closed organ pipe, its fundamental frequency 


= = 3400 m/s. 








sone x = V, = 2600 x 4 x 0.5 = 5200 m/s. 


r 


22 
М2 и = 5200х6.5х102 _ 338 ms. 
We d, 2x0.5 


As the tunning fork produces 2 beats with the adjustable frequency the frequency of the tunning fork will 
be — n= (476 + 480) / 2 = 478. 

A tuning fork produces 4 beats with a known tuning fork whose frequency = 256 Hz 

So the frequency of unknown tuning fork = either 256 — 4 = 252 or 256 + 4 = 260 Hz 

Now as the first one is load its mass/unit length increases. So, its frequency decreases. 

As it produces 6 beats now original frequency must be 252 Hz. 

260 Hz is not possible as on decreasing the frequency the beats decrease which is not allowed here. 


Group — | Group - 11 

Given V = 350 v = 350 

м = 32cm ә = 32.2 ст 

= 32 х 102 т = 32.2 x 10° т 

So n; = frequency = 1093 Hz n2 = 350 / 32.2 x 10? = 1086 Hz 


So beat frequency = 1093 — 1086 = 7 Hz. 
Given length of the closed organ pipe, | = 40 ст = 40 x 10-2 т 
Vair = 320 
E 320 
4l 4x40x107 
As the tuning fork produces 5 beats with the closed pipe, its frequency must be 195 Hz or 205 Hz. 
Given that, as it is loaded its frequency decreases. 
So, the frequency of tuning fork = 205 Hz. 
Here given ng = 600 = TB 
21 V 14 
As the tension increases frequency increases 
It is given that 6 beats are produces when tension in A is increases. 
So, na => 606 = 1 TA 
21V M 
пд _ 600 (1/2)/(ТВ/М) ТВ 
ng 606 (1/2)ДТА/М) VTA 
T 
Ул 2606 401 2 № = 1.02. 


T, 600 Тв 
Given that, | = 25 ст = 25 x 10? т 
By shortening the wire the frequency increases, [f = (1/21)J(TB/M)] 
As the vibrating wire produces 4 beats with 256 Hz, its frequency must be 252 Hz or 260 Hz. 
Its frequency must be 252 Hz, because beat frequency decreases by shortening the wire. 
So, 252 i es А0 44) 

2x25x10* VM 

Let length of the wire will be |, after it is slightly shortened, 


So, its frequency p = - 200 Hertz. 
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60. 


61. 


62. 


63. 


64. 


65. 














—256- 1 |Т 440) 
2х1, VM 
Dividing (1) by (2) we get 
-2 
252 _ P в = 0.2431 т 
256 2х25х10? 260 
So, it should be shorten by (25 — 24.61) = 0.39 cm. 
Let u - velocity of sound; Vm = velocity of the medium; 100 m/s 
————- 
Vo = velocity of the observer; Va 7 velocity of the sources. дэ р 
U+V,,—-V 
f= ПЕ = 
E ХУ, = (36km/h = 10m/s) M 


using sign conventions in Doppler's effect, 
Vin = 0, и = 340 m/s, v, = 0 and v, = –10 m (36 km/h = 10 m/s) 


= Болон eae 350/340 х 2 KHz = 2.06 KHz. 





340-0-0 
f= EE f [18 km/h = 5 m/s] 
Uc Vg — Vg Ч 
Е 18km/h = 5m/ 
using sign conventions, Т zs 


340 «0 -0 
340 +0 -5 


| I 
To ux T 
а) Given v, = 72 km/hour = 20 m/s, p = 1250 
340 +0-0 


app. Frequency = | ) «2400 = 2436 Hz. 





apparent frequency = ——— — —— x 1250 = 1328 Н 
pP qUenSY 40-20 * : 
b) For second case apparent frequency will be = ое 5456) - 1181 Hz. 
340 + 0 – (20) 


Here given, apparent frequency = 1620 Hz 
So original frequency of the train is given by 
PE {= 16205317, Hz 
332-15 332 
So, apparent frequency of the train observed by the observer in 
f= p (Sm. 317 


1620 - | 





“Тшшт--гш- = х1620 = 1480 Hz. 
332+15 332 347 


Let, the bat be flying between the walls W, and W;. 
So it will listen two frequency reflecting from walls УУ, and W4. 





So, apparent frequency, as received by wall УУ = fw; = 3301070 f = 330/324 
Therefore, apparent frequency received by the bat from wall УУ, is given by WA w2 
Е, of wall W; = 330 +0 - (-6) Бос 336 5 330 f 

2 330+0+0 ? (330 324 


Similarly the apparent frequency received by the bat from wall W4 is 

fg, = (324/336)f 

So the beat frequency heard by the bat will be = 4.47 х 10* = 4.3430 x 10^ = 3270 Hz. 
Let the frequency of the bullet will be f 

Given, и = 330 m/s, v, = 220 m/s 
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66. 


67. 


68. 


69. 


70. 


: 330 
a) Apparent frequency before crossing = f' | ——————— f = 3f 
гэж шиг 3 Е 50 э) 


330 


b) Apparent frequency after crossing = f" =| —————— 
TOR deney, TS zx zm 


so, (£ 2 ШЕУ 
f ЗЕ 
Therefore, fractional change = 1 — 0.2 = 0.8. 


Jt 0.6 f 


The person will receive, the sound in the directions BA and CA making an angle 0 with the track. 


Here, 0 = tan ' (0.5/2.4) = 22° 


So the velocity of the sources will be 'v cos 0' when heard by the observer. 


So the apparent frequency received by the man from train B. 
f= | 340-0-0 





340 — v cos 22? 


And the apparent frequency heard but the man from train C, 
ёс | 340+0+0 


оо = 529 Hz 


340 – v cos 22° 


Let the velocity of the sources is = v, 
а) The beat heard by the standing man = 4 
So, frequency = 440 + 4 = 444 Hz ог 436 Hz 
340-0-0 
340- v, 
On solving we get V, = 3.06 m/s = 11 km/hour. 
b) The sitting man will listen less no.of beats than 4. 
Here given velocity of the sources v, = 0 
Velocity of the observer v; = 3 m/s 


) 500 = 476 Hz. 


= 440 = | Jam 





i 
zu P 


1.2km 1.2km 


Ro CUR 
See 


иж 
332-3 
So, the apparent frequency heard by the man = 332 x 256 = 258.3 Hz. 1 2 


from the approaching tuning form = f' 

f" = [(332-3)/332] х 256 = 253.7 Hz. 

So, beat produced by them = 258.3 – 253.7 = 4.6 Hz. 

According to the data, V, = 5.5 m/s for each turning fork. 

So, the apparent frequency heard from the tuning fork on the left, 


f= шээг x512 = 527.36 Hz = 527.5 Hz 
330-5.5 


similarly, apparent frequency from the tunning fork on the right, 
"= | 330 |, 512-510 Hz 
330 4 5.5 


So, beats produced 527.5 — 510 = 17.5 Hz. 
According to the given data 


Radius of the circle = 100/л x 10? m = (1/7) metres; о = 5 rev/sec. 


So the linear speed v = or = 5/r = 1.59 
So, velocity of the source V, - 1.59 m/s 


As shown in the figure at the position A the observer will listen maximum 


and at the position B it will listen minimum frequency. 
332 


So, apparent frequency at А = —— ——— x 500 = 515 Hz 
ба и 3321.59 
Е 332 Е 
Apparent frequency at В = —————_ х 500 = 485 Hz. 
332 +1.59 


vay 
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71. 


72. 


73. 


74. 


75. 


76. 


According to the given data V, = 90 km/hour = 25 m/sec. 

Vo = 25 m/sec 

So, apparent frequency heard by the observer in train B or 
350 + 25 
350-25 
Here given f, = 16 x 10° Hz 

Apparent frequency # = 20 x 10? Hz (greater than that value) 
Let the velocity of the observer = v, 





observer in = | ) 500 = 577 Hz. 





Given v, =0 
So 20 x 10° = | 399 * Yo |x 46 x 10° 
330-0 
= (330 + м) = 205330 
16 
E жасы = mis 297 km/h 


b) This speed is not practically attainable ordinary cars. 
According to the questions velocity of car A = V4 = 108 km/h = 30 m/s 
Vg = 72 km/h = 20 m/s, f = 800 Hz 
So, the apparent frequency heard by the car B is given by, ” 
RP d d 9 $ Os —— зот/ѕ oS xi 


p = [330—720 |, 800 — 826.9 = 827 Hz. 
330 - 30 


a) According to the questions, v = 1500 m/s, f = 2000 Hz, v, = 10 m/s, у, = 15 m/s 
So, the apparent frequency heard by the submarine B, 


_ (1500 +15 А | B 
= (50019) 2000 = 2034 Hz NOU im KO 
Vs Vs 


b) Apparent frequency received by submarine A, 
_ (1500 +10 
р Е -15 

Given that, r 0.17 m, F = 800 Hz, и = 340 m/s 

Frequency band = fi — f2 = 6 Hz 

Where f, and f2 correspond to the maximum and minimum apparent frequencies (both will occur at the 

mean position because the velocity is maximum). 


| x 2034 = 2068 Hz. 





Vs 
Now, fi — _ 340 | f and Ь ш _ 340 _ + *—— ——— 017m 
340 - v, 340 * v, 
e—a ер 

vk f -fz =8 A o B 

1 1 “s 
> 340 f =8 

340-у, 340-у, 


2v, 8 

= _ 

340?-v,? 340х800 
=> 340? — v? = 68000 v, 
Solving for v, we get, v, = 1.695 m/s 
For SHM, v, = ro — o = (1.695/0.17) 510 N 
So, T = 2n / o = л/5 = 0.63 sec. 
и = 334 mis, vp = 442 mis, v, = 0 
SO, м. = Vp cos 0 = 442x(1/42)- 4 m/s. Уу 











4\/2т/з 
и 





so, the apparent frequency f' = ээ f- | 334 ) 1650 = 1670 Hz. 
U - Vg cos0 334 -4 a 
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TT. 


78. 


79. 


80. 


81. 


и = 330 m/s, Vo = 26 m/s 
a) Apparent frequency at, y = — 336 


у 
m = | ——— xf 
55) 


- PIT x 660 






140m 


330 - 26sin 23? | Vo 26m/s 


[because, Ө = tan™' (140/336) = 23°] = 680 Hz. 
b) At the point y = 0 the source and listener are on a x-axis so no apparent change 
in frequency is seen. So, f - 660 Hz. 
с) As shown in the figure Ө = tan | (140/336) = 23? 
Here given, = 330 m/s ; v = V sin 23? = 10.6 m/s 
So, Е" = — 7 — — x 660 = 640 Hz. 
u+vsin23° 
Мат Or Vs = 108 km/h = 30 m/s; и = 340 m/s 
a) The frequency by the passenger sitting near the open window is 500 Hz, he is inside the train and 
does not hair any relative motion. 


b) After the train has passed the apparent frequency heard by a person standing near the track will be, 





вот'=|-340+0 _)X500=459 Hz 
340 +30 


c) The person inside the source will listen the original frequency of the train. 
Here, given Vm = 10 m/s 


For the person standing near the track "mud [gl 
Apparent frequency = UY 0 500 = 458 Hz. 
u+ Vm -(-M&) 


To find out the apparent frequency received by the wall, 
a) V, = 12 km/h = 10/3 = m/s 
Vo = 0, и = 330 m/s 
330 
330 - 10/3 
b) The reflected sound from the wall whistles now act as a sources whose frequency is 1616 Hz. 
So, и = 330 m/s, V, = 0, V, = 10/3 m/s 
So, the frequency by the man from the wall, 
"" ee 
>f" = | —————— 


So, the apparent frequency is given by = f' = | р 1600 = 1616 Hz 


«1616 = 1632 m/s. 





330 
Here given, u = 330 m/s, f = 1600 Hz Өй 
So, apparent frequency received by the car a f : us — 
, .[u-Vs 330-20 3 2 
f= f = х 1600 Hz ... [Vo = 20 m/s, Vs = 0] 
u-V, 330 


The reflected sound from the car acts as the source for the person. 

Here, V, = —20 m/s, V, = 0 

330-0 | ‚_ 330 310 
xf'- х 





х160 = 1417 Hz. 
330-20 350 330 


-. This is the frequency heard by the person from the саг. 
а) f = 400 Hz,, и = 335 m/s 

=> A (v/f) = (335/400) = 0.8 m = 80 cm 

b) The frequency received and reflected by the wall, 


So f” = | 





p= | ЧМ a 335 „ду. ру, = 54 m/s and V, = 0] 
u- V, 320 
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82. 


83. 


84. 


85. 


—x'- (v/f) = захад ^ 0.8 m 80 ст 


с) The frequency received by the person sitting inside the car from reflected wave, 
p= | 335-0 ! _ 335 


=2——х400 = 467 №. = О and V, = -15 m/s] 
335-15 320 
d) Because, the difference between the original frequency and the apparent frequency from the wall is 
very high (437 — 440 = 37 Hz), he will not hear any beats.mm) 
8-1), 88515100 441) 
u - (0) 324 
for the reflected wave, 
u-0, " 
f" = 410 = ——f 
u-v 

324 / 324 +v 
324-v 324 
=> 810 v = 324 x 10 
_ 324x10 

810 
f = 2 kHz, v = 330 m/s, u = 22 m/s s — 
At t = 0, the source crosses Р 
a) Time taken to reach at Q is 
S 330 330m 
{= —=——=1sec 
у 330 

b) The frequency heard by the listner is Q 


f= буол: | 
v —ucosO 


since, 0 = 90° 

f =2 x (vlu) = 2 KHZ. 
c) After 1 sec, the source is at 22 m from P towards right. 
t = 4000 Hz, u = 22 m/s 
Let t be the time taken by the source to reach at ‘О’. Since observer hears the sound at the instant it 
crosses the 'O', t' is also time taken to the sound to reach at P. 
-. OQ = ut and QP = vt 


f = 400 Hz, и = 324 m/s, f' = 











= 410 = x 400 


= ү =4 m/s. 











Cos 0 = u/v 
Velocity of the sound along QP is (u cos 0). 
Ш 2 
r= v-0 Б ME Е К ; 
v -ucos0 s ү –и 4— 660m/s—> 
V 
| . _ 330? _ _ 
Putting the values in the above equation, f' = 4000 x ae = 4017.8 = 4018 Hz. 
а) Given that, f - 1200 Hz, и = 170 m/s, L = 200 m, у = 340 m/s 
From Doppler's equation (as in problem no.84) (Detector) 
2 2 
t= | = 1200 х — S40". 1600 Hz. : 
v^-u 340* —170 
b) v = velocity of sound, и = velocity of source d 
let, t be the time taken by the sound to reach at D 
DO = vt! = L, and S'O = utť' 
U-L/A S' и О 
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2 
S'D = JS'O? «DO? = Jv? b ug = Ен? +у? 
у у 


Putting the values in the above equation, we get 
sip = 220 70? +340? = 223.6 m. 
340 
86. Given that, = 1.6 m, f = 500 Hz, и = 330 m/s 


а) At A, velocity of the particle is given by » 
va = rg = 4/1.6х10 = 4mls ý vo 
and at C, v, = J5rg = 45x1.6x10 =8.9m/s D 


So, maximum frequency at C, С Ус 


jou. 90 „500—513.85Н>. 
u-v, 330-89 








ШШ 330 


-(-w,) 33044 
Velocity at В = J3rg = /3х1.6х10 = 6.92 m/s Съ 


So, frequency at B is given by, 

{= Шы. 90. ош = aga 
Ut Vs 330 + 6.92 

and frequency at D is given by, 

jig E qs маз. „аз j 
U-V; 330 - 6.92 

87. Let the distance between the source and the observer is ‘x’ (initially) 
So, time taken for the first pulse to reach the observer is t = x/v 


and the second pulse starts after T (where, T = 1/v) 





Similarly, maximum frequency at А is given by f, = (500) = 494 Hz. 
и 





b 


ме 








Ур 


and it should travel a distance E gm) х- ^at? 


2 2 
Hox nnda dT (S-^,—(S)—9 

















V 4—————— х ———— 
2 2 
peque ^ 1/2aT^ x -T 1aT 
V V 2 v 
Putting = T = 1/v, we get 
20у -a 
t-t = 
FU 2w? 
2w? 
so, frequency heard = ———— (because, f = ) 
20у -a 2-1 


ух 
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CHAPTER 17 
Given that, 400 m < à < 700 пт. 
1 1 1 
«—« 
700nm à  400nm 
1 1 1 3х108 c 3x10? 


(Where, c = speed of light = 3 x 10? m/s) 





> IU => mde = 
7x10 A 4x10 7x10 A 4x10 

= 4.3 x 10" < c/ù < 7.5 x 10" 

= 4.3 x 10^ Hz <f < 7.5 x 10" Hz. 

Given that, for sodium light, А = 589 пт = 589 х 10?m 


8 
a) fa = — 10 — 5.09 x 10^ вес К =| 
589x107 7 
b) Ma Bs Aw A, = 443 пт 








Uy Aq 1.33 589x10? 
с) fy = fa = 5.09 x 10" sec [Frequency does not change] 











8 
dj Эв: еы лис 15 ос сард Wise. 
Uw Va Hw 1.33 
We know that, B2. 
My V2 


1472 3x10? 


1 V 400 





So, = Vao = 2.04 x10°m/sec. 


[because, for air, = 1 and v = 3 х 10? m/s] 








8 
Адай. ээ 251072 c 07 iO misso: 
1 V760 
8 А А А 
ics 1x3x10 2436") singe: ue velocity Of light in vaccum 
(2.4) x108 velocity of light in the given medium 


Given that, d = 1 ст = 10° m, 4 25x 10” mand D=1m 
a) Separation between two consecutive maxima is equal to fringe width. 


-7 
So, p= AD 5x10 х1 = 5 x 10-5 т = 0.05 mm. 
d 10? 
b) When, В = 1 mm = 107 т 
251071 


103m = 0 = 5 х 10% т = 0.50 mm. 


Given that, В = 1 mm = 10° т, D = 21 т and d = 1 тт = 10° m 


25xX 
1075 


Given that, d = 1 тт = 10? т, О = 1m. 


So, 10?m = >) = 4х 10” т = 400 пт. 





So, fringe with = a =0.5 mm. 


a) So, distance of centre of first minimum from centre of central maximum = 0.5/2 mm = 0.25 mm 
b) No. of fringes = 10 / 0.5 = 20. 

Given that, d = 0.8 mm = 0.8 x 10? т, À = 589 пт = 589 x 10° тапар = 2 т. 

DA _ 589x10?x2 


5 = = 1.47 x 10? т = 147 mm. 
Ох 


So,p- 
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10. 


11. 


12. 


13. 


14. 


15. 


Given that, 4 = 500 nm = 500 x 10° mand d = 2 x 10? m iE —— D Ч | 
As shown in the figure, angular separation 0 = В = ND. = A "n 

D dD d 
В X 500x10° 
D d 2x10? 
= 25 x 10? radian = 0.014 degree. 





So,0- = 250 x 10% 





We know that, the first maximum (next to central maximum) occurs at y = E 


Given that, A, = 480 nm, à; = 600 nm, D = 150 cm = 1.5 т and d = 0.25 тт = 0.25 x 10° т 
DA, 1.5x480x10? 
d — 025x10? 

_ 1.5х600х107 

0.25x10° 
So, the separation between these two bright fringes is given by, 
-. separation = y2 — y1 = 3.60 — 2.88 = 0.72 тт. 
Let m^ bright fringe of violet light overlaps with n^ bright fringe of red light. 
mx400nmxD nx700nmxD m 7 
d E d n 4 


= 7" bright fringe of violet light overlaps with 4" bright fringe of red light (minimum). Also, it can be 
seen that 14" violet fringe will overlap 8" red fringe. 
Because, т/п = 7/4 = 14/8. 

Let, t = thickness of the plate 

Given, optical path difference = (u — 1)t = A/2 


= 2.88 тт 





Зо, у! = 


2 = 3.6 шт. 








2(u - 1) 
a) Change in the optical path = ut — ї = (р — 1)t 
b) To have a dark fringe at the centre the pattern should shift by one half of a fringe. 
аара Sut 
2 2(u - 1) 
Given that, и = 1.45, t = 0.02 mm = 0.02 x 10? m and Л. = 620 пт = 620 х 10? m 
We know, when the transparent paper is pasted in one of the slits, the optical path changes Бу (u — 1)t. 
Again, for shift of one fringe, the optical path should be changed by 2. 
So, no. of fringes crossing through the centre is given by, 
(p—1)t 0.45x0.02x10? 
620x102? 
In the given Young's double slit experiment, 
u = 1.6, t = 1.964 micron = 1.964 x 10? m 


We know, number of fringes shifted = eo 





n= = 14.5 





So, the corresponding shift = No.of fringes shifted x fringe width 
_ edi > AD (и-110 











.. (1 
x d d (1) 
Again, when the distance between the screen and the slits is doubled, 
Fringe width = MED) ...(2) 
From (1) and (2), 8-9 = №20) 
d d 
-6 
= А = o the а = 589.2 х 10? = 589.2 nm. 
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16. 


17. 


18. 


19. 


20. 


21. 


Given that, и = t) = 0.5 mm = 0.5 х 107 m, Um = 1.58 and u = 1.55, 
^. = 590 пт = 590 х 10° т, d = 0.12 ст = 12x 10 т, О = 1 т Screen 
DA 1х590х107 
d 12х10 
b) When both the strips are fitted, the optical path changes by 
AX = (Um — 1)t — (up — 1)t2 = (Hm = Hp)t 
= (1.58 — 1.55) x (0.5)(107°) = 0.015 x 107" m. 


-3 
So, No. of fringes shifted = 20132187 = 25.43. 


590 x10? 

— There are 25 fringes and 0.43 th of a fringe. 
— There are 13 bright fringes and 12 dark fringes and 0.43 th of a dark fringe. 

So, position of first maximum on both sides will be given by 
" х= 043 x 4.91 x 107 = 0.021 cm 

х' = (1 — 0.43) x 4.91 x 10'* = 0.028 cm (since, fringe width = 4.91 x 107 m) 
The change in path difference due to the two slabs is (р; — и2} (as in problem no. 16). 
For having a minimum at Ро, the path difference should change by 4/2. 


So, 5 М = (u,—-wit>t= А. 


2(u — uz) 
Given that, t = 0.02 mm = 0.02 x 10? т, ш = 1.45, à = 600 nm = 600 x 10? m 
a) Let, l4 = Intensity of source without paper = | 
b) Then l; = Intensity of source with paper = (4/9)| 
h 9 ze 
l4 р 


a) Fringe width = = 4.91 x 10^ m. 











= 5 [because | œ г2] 


where, r4 and г are corresponding amplitudes. 
So | пах 2 (п +f) 225:1 
| Imin (г, -h y 
b) No. of fringes that will cross the origin is given by, 
(и-1)Е _ (1.45—1)x0.02x10? 
ў, 600 x10? 
Given that, d = 0.28 mm = 0.28 x 107 m, D = 48 cm = 0.48 m, àa = 700 nm in vacuum 
Let, Aw = wavelength of red light in water 
Since, the fringe width of the pattern is given by, 
p= №0 _ 525х109 x0.48 
d — 028x10? 
It can be seen from the figure that the wavefronts reaching О from S4 and 5, will 
have a path difference of $2Х. 





n= 





= 15. 


= 9 х 10 т = 0.90 mm. 








In the A S4S;X, 
sin Ө = зоо 


So, path difference = S; X = $1532 sind = d sin = а x A/2d = 2/2 
As the path difference is an odd multiple of 2/2, there will be a dark fringe at point Po. 
a) Since, there is a phase difference of x between direct light and 
reflecting light, the intensity just above the mirror will be zero. Screen 
b) Here, 2d = equivalent slit separation 
D = Distance between slit and screen. 


We know for bright fringe, Ax = Жа = п, 





But as there is a phase reversal of )/2. 
= yx2d А _, yx2d Жу эр 
р 2 р 2 44 
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22. 


23. 


24. 


25. 


26. 


Given that, D = 1 m, 4 = 700 nm = 700 x 10? m 
Since, а = 2 mm, а = 2a = 2mm = 2 x 10? m (L loyd's mirror experiment) 


AD  700x10?m»1m 














Fringe width = 5 = 0.35 mm. 
d 2х10°т 
Given that, the mirror reflects 64% of energy (intensity) of the light. 
Bg =й = m o bos 
А 25 m 5 


2 

So, | пах = (г, +), =81:1. 
Imin (г, -5 ) 

It can be seen from the figure that, the apparent distance of the screen from the slits is, 


р-20,-Г, 








So, Fringe width = A z ere 

















d 
Given that, X = (400 nm to 700 nm), d = 0.5 тт = 0.5 х 107 т, | 
D = 50 ст = 0.5 m and on the screen y, = 1 mm = 1 x 10? т | n 
a) We know that for zero intensity (dark fringe) n Yn 1mm 
d=0.5mm 
‚= (ZHR where n = 0, 1, 2, ....... | р 
2 K— 50cm—— 
-3 -3 
dcs 2 ма 2 „10 х0.5 x10 = 2 x10 9m = 2 x 10*nm 
(2n-1 D 2п+1 0.5 (2n +1) (2n +1) 


If n = 1, A, = (2/3) x 1000 = 667 nm 

If n = 1, 12 = (2/5) x 1000 = 400 nm 
So, the light waves of wavelengths 400 nm and 667 nm will be absent from the out coming light. 
b) For strong intensity (bright fringes) at the hole 








nà, D y,d 
n7 >A, = Z 
> а "һр 
-3 -3 
When, n = 1,247 нд ead DAS = 105m = 1000nm . 


1000 nm is not present in the range 400 nm — 700 nm 
Again, where n = 2, À = йн = 500 nm 


So, the only wavelength which will have strong intensity is 500 nm. 
From the diagram, it can be seen that at point O. 
Path difference = (AB + BO) - (AC + CO) 
-2(AB- АС) [Этсе, АВ = BO and AC = CO] = 2(yd? «D? -D) 
For dark fringe, path difference should be odd multiple of 1/2. 
So, 2(Vd? +D? - D) = (2n + 1)(A/2) 
=> ү +02 =D + (2n + 1) 4/4 
=> 0? + а = D? + (2п+1)? 22/16 + (2n + 1) AD/2 
Neglecting, (2п+1 y 07/16, as it is very small 





We get, d= , (2п +> 
т, m : AD 
For minimum ‘d’, putting n = 0 = dai, = 222 
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2T. 


28. 


29. 


30. 


For minimum intensity 
7 S4P- SP = x = (2n +1) 3/2 
From the figure, we get 














Screen 
=> 4122 + (2А)? 2 = (21+1)2 _|® 
12 2X 
> 72 +432 = Z2 «(2n 1) — + Z(2n +1) 
(21-17 Ae Zn +1) КЕ | 
2 _ 2,42 2_ 242 7 
о у- 402 - (21-1707 14) _ 160? - (2n «1x A) S2 
(2n + 1), 4(2п + 1) 
Putting, n 2 0 = Z = 15)/4 n =—1 = Z =—15)/4 
п = 1= 7 = 72/12 n = 2 > Z =—9)/20 


/. Z = 7)/12 is the smallest distance for which there will be minimum intensity. 
Since S4, S» are in same phase, at О there will be maximum intensity. 

Given that, there will be a maximum intensity at P. 

= path difference = Ax = nd 

From the figure, 


(ОРУ (РУ = (VD? + Хх? )? — (у/(р - 214)? £X Y 
-4),0-4)2-490 02 is so small and can be neglected) 








44D Screen 
=> 81Р – 5р = — LÀ zn 
24x? « p? 
2D 

> ———=у 

Vx? +D? 
= n? o « p^) = 4p? = Ax = О Ма п 

n 

when п = 1, х= 4/3 0 (1% order) 

ne 620 (2? order) 


-. When X = 4/3 D, at P there will be maximum intensity. 
As shown in the figure, 
(S.P. = (PX)? + (51Х)? 5400) 
(52Р)? = (РХ)? + (S2X)* ...(2) Р 


From (1) and (2), 
(S.P - (SP = (Six)? - (SX un 
= (1.5 Л. + R cos 0)? - (R cos 0 – 15 A? 6 
= 6), К cos Ө 
z (Ре бр) = 2570959 eos: 
2R 
For constructive interference, 
(54Р — S;jP = x 234 cos Ө = ni 
= cos 0 = n/3 = 0 = cos (0/3) where n = 0, 1,2, .... 
=> 0 = 0°, 48.2°, 70.5°, 90? and similar points in other quadrants. 
а) As shown in the figure, ВР, — АР, = 4/3 


=> (D? +) -0 =л/3 
> D° + d° = р? + (72/9) + (22Dy3 
= 4541(2)0)/3 (neglecting the term 47/9 as it is very small) 


b) To find the intensity at Po, we have to consider the interference of light 
waves coming from all the three slits. 


Here, CP; АР = ND? +44? -D 
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31. 


32. 








3 3D 
= о} H oh bis. | = at [using binomial expansion] 
3Dx2 3 


So, the corresponding phase difference between waves from C and A is, 





2лх 2лх4\ 8л 2n| 2л 
ЕВЕ E (2 | : (A) 
3, 3X 3 3 3 
З 2пх 2m 


So, it can be said that light from B and C аге in same phase as they have some phase difference 
with respect to A. 


За; В = \(2г)? +r? +2х2гхгсо5(2л/3) (using vector method) 
г. Ip, = K(V8rY? = 3Kr? = 3l 
As, the resulting amplitude is V3 times, the intensity will be three times the intensity due to individual slits. 


Given that, d = 2 mm = 2 x 10? m, à = 600 nm = 6 x 107° m, Imax = 0.20 W/m?, D = 2m 
For the point, y 0.5 cm 





yd 0.5x10?x2x10? 
D 2 
So, the corresponding phase difference is, 
nx 2nx5x109 _ 50x 2n _ 2n 
- —— > = 16т + >ф= — 
X 6x10 3 3 3 
So, the amplitude of the resulting wave at the point y = 0.5 cm is, 


A= үг? +r? + 212 cos(21/3) = Vr? +r? -r? =r 





We know, path difference = x = =5x 10% т 





ўе 














2 
Since, ' = - [since, maximum amplitude = 2r] 
max r 
il AE 
02 4r? 4r? 


> l= P = 0.05 Wim’. 





i) When intensity is half the maximum -— 
max 


4а? соѕ2(ф/2) 1 
4a? 2 
соѕ2(ф/2) =1/2 = соѕ(ф/2) = 1/2 
ф/2 = n/4 > ф=л/2 
Path difference, x = A/4 
y = xD/d = AD/4d 


у 





ууу у 


When intensity is 1/4" of the maximum l =— 
max 4 


— 





да? соз?(ф/2) 1 
4a? 4 
соѕ2(ф/2) = 1/4 = соѕ(ф/2) = 1/2 
0/2 = 1/3 > ф = 21/3 
Path difference, x = A/3 
y = xD/d = AD/3d 


U 





ууу y 
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33. 


34. 


35. 


36. 


Given that, D = 1 m, d = 1 mm = 10? т, à = 500 пт = 5 х 10” m 
For intensity to be half the maximum intensity. 


- 4D (As in problem no. 32) 
4d 
5x107 x1 z 
—y-2—————:»yz-125x10 m. 
Y" 15103 : 


The line width of a bright fringe is sometimes defined as the separation between the points on the two 
sides of the central line where the intensity falls to half the maximum. 
We know that, for intensity to be half the maximum 


AD 
= Ж-- 
у 44 
Line width = AD в = 29: 
44 4d 24 


i) When, z = AD/2d, at S4, minimum intensity occurs (dark fringe) 
= Amplitude = 0, 





5, ls, 
At S}, path difference = 0 
ze - 

— Maximum intensity occurs. Ta | ^x 
= Amplitude = 2r. — | 
So, оп 22 screen, -— on 

Imax _ (2+0) _ 

lmin (2r = 0)? 





ii) When, 2 = AD/2d, At S4, minimum intensity occurs. (dark fringe) 
= Amplitude = 0. 
At S5, path difference = 0 
= Maximum intensity occurs. 
= Amplitude = 2r. 
So, on 22 screen, 
Imax (224218 _ 
Imin (2r гы 0)? 
iii) When, z = AD/Ad, At $4, intensity = Imax / 2 
= Amplitude = J2r . 
. At S}, intensity is maximum. 
= Amplitude = 2r 
| пах = (2r + \/2г)? = 
ln (2r = Jar)? 
a) When, z = DA/d 
So, OS; = OS, = DA/2d = Dark fringe at 5, and 54. 





34. 











— At Sg, intensity at $4 = 0 > 1, =0 — js |s 
At S4, intensity at $. = 0 = l2 = 0 F * 
At P, path difference = 0 — Phase difference = 0. —> | | 
> 1= 1, +1 + ЛЬ со50°=0+0 +0 = 0 = Intensity at P = 0. E = 
2 
: Я : —— S 
b) Given that, when z = D2J2d, intensity at P = | = prot aieo pond 


Here, OS; = OS, = у = 44 

лх 2n yd 2л DA 4 m 
= x = х х - 2 

3, à D à 4 D 2 

Let, intensity at 5; and S; = Г 

-. At P, phase difference = 0 

So, I'+ 1’ + 2I’ cos 0° = |. 

> 4! =| >l = 1/4. 


“OF = [Since, x = path difference = yd/D] 
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37. 


38. 


39. 


40. 


When, Zum SEM = үу = 3DX 
4d 

лх 2n yd 2л 3DA d Зл 

- х - х х - 
À D A 4d D 2 
Let, I” be the intensity at S and S4 when, ф = 32/2 
Now comparing, 
l' a° +a? +2a?°cos(3n/2) 2а? 
| за -а +2а? совл/2 2а? 
-. Intensity at P = 1/4 + 1/4 + 2 х (1/4) cos 0° = 1/2 + |2 = 1. 
c) When z= 2DA/d 
=> у= OS; = OS, = DA/d 
лх 2л yd 2л DA d 

= х = x x - 2n У 
À à D à d D 
Let, l” = intensity at S and S4 when, $ = 2л. 


"T 





2-1 I'zrzIA4. 





шарыг 





Il" а? +а? +2а? сов2л _ 4а? 





Г а2 +а2 +2а2 соѕл/2 2a? 
=> № = 21 = 2(1/4) = 1/2 
At P, lresuttant = М2 + 1/2 + 2(1/2) cos 0° = | + | = 21. 
So, the resultant intensity at P will be 21. 
Given d = 0.0011 x 10? т 
For minimum reflection of light, 2ud = nA 
ПА 2n _ 580 x10? x2n _ 5.8 
24 4d 4х11х107 44 
Given that, и has а value т between 1.2 and 1.5. 
=> When, п = 5, и = 0.132 x 10 = 1.32. 
Given that, 4 = 560 x 10° т, u = 1.4. 


> u= (2n) = 0.132 (2n) 





For strong reflection, 2ud = (2n + 1)A/2 >d = (en 
For minimum thickness, putting n = 0. 
-9 
> а= шд 90x10 L4 mz 100 nm. 
4d 14 


For strong transmission, 2 ud = nÀ. > А = 28 
n 
Given that, u = 1.33, d = 1 x 10^ cm = 1 x 10 m. 
_ 2x1.33x1x10°  2660x10? 
n n 
when, n=4, A, = 665 пт 
n = 5, А = 532 пт 
п = 6, A3 = 443 nm 
For the thin oil film, 
а= 1х 10^ cm = 10? m, ца = 1.25 and jy = 1.50 
200244 2x10%x1.25x2 5x10?m 
(n 1/2) 2n +1 2n+1 
5000 nm 
2n+1 
For the wavelengths in the region (400 nm — 750 nm) 
5000 5000 


= — =714.3nm 
2x3+1 7 


=> kh 











When,n=3,A= 
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41. 


42. 


43. 








When,nz4,A-7 5000 29000 = 555.6 пт 
2х4+1 9 

Мһеп, п = 5, А = 5000 2:9000. = 454.5 nm 
2x5+1 11 


For first minimum diffraction, b sin 0 = À 

Here, Ө = 30°, bz 5 ст 

z. A = 5 x sin 30° = 5/2 = 2.5 ст. 

1. = 560 nm = 560 x 10° m, = 0.20 тт= 2 х 10 т, О = 2 т 

Since, В = 1.22^0 = 122,,960x10 7x2 = 6.832 x 10? M = 0.683 cm. 
b 2x10 

So, Diameter = 2R = 1.37 cm. 

2 = 620 nm = 620 x 10? т, 

О =20 ст = 20 х 102 т, b = 8 ст = 8 х 10° т 

R= 02,0200 хайна е 1891 х 10? = 1.9 x 105 т 

8x107 
So, diameter = 2R = 3.8 x 10° т 





> 
> 
> 











SOLUTIONS TO CONCEPTS 
CHAPTER - 18 


SIGN CONVENTION : 
1) The direction of incident ray (from object to the mirror or lens) is taken as positive direction. 
2) All measurements are taken from pole (mirror) or optical centre (lens) as the case may be. 








1. = 30 ст, R =- 40 cm 
From the mirror equation, . *ve |— Sign convertion 
1:2 S 
vu В : s 
121 2 ПА ato] 
v В и -40 -30 60 «€ — 400m —+ 
ог, v = -60 cm 


So, the image will be formed at a distance of 60 cm in front of the mirror. 
2. Given that, 
Н, = 20 cm, у =-5 т = —500 cm, ћ = 50 cm 











Since, — = h2 

u h 
or ene = ES (because the image in inverted) b M 500cm — —À e, 

и 
+уе |_ Gi 3 
oru= = = 200 ст=-2т Sign convertion 
1.1 1 1 1 1 
v u f -5 -2 f 
—10 


orf = —— --1.44m 
7 


So, the focal length is 1.44 m. 
3. For the concave mirror, f = —20 cm, M = м/и = 2 


> v=-2u 

1* case 2" case 

11 1 ee un 

vu f 2u u f 
ENS 34 
2u u f 2u f 


=> u = f/2 = 10 cm 


Case | (Virtual) 
=> и = 31/2 = 30 cm 


-. The positions are 10 ст or 30 cm from the concave mirror. 
4. = м/и = 0.6 and f = 7.5 cm = 15/2 cm 


From mirror equation, 
1.1 1 1 1 
=> 


1 





> —+—= 
v u f Оби u 


=> u=5cm 


f 


5. Height of the object AB = 1.6 cm 
Diameter of the ball bearing = d = 0.4 cm 


=> R=0.2cm 
Given, u = 20 cm 


We know, ые 
и v 





Case Il(Real) 


— Sign convertion 
PM 
5 27 рар х 
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Putting the values according to sign conventions zs +— = Z 
-20 v 0.2 
> 1 - ! +10 = 201 = у = 0.1 ст = 1 mm inside the ball bearing. 
у 20 20 
Magnification = m = AB oe ad 
AB и -20 200 
= А'В'= 2B = al- = +0.008 cm = +0.8 mm. 
200 200 
Given AB = 3 cm, u = -7.5 cm, f = 6 cm. 
Being tet Test 1 
v uf v f u \ A 
Putting values according to sign conventions, C FON 
1.4 1 3 $ B 
v 6 -75 10 PE 
6cm 7.5cm 


=> у= 10/3 cm 

















TEM V 10 
г. magnification = т = –— = 
и 7.5х3 
AB 10 A'B' 200.08 1.33 cm. 
AB  7.5x3 72 3 


г. Image will form at a distance of 10/3 cm. From the pole and image is 1.33 cm (virtual and erect). 
К =20 ст, f - R/2 =-10 ст 
For part AB, РВ = 30 + 10 = 40 ст 






































So, и = -40 ст ВЕ, Ж БЭР. 
v Ги 10 1-40 40 
> үз йг = —13.3 cm. 
3 
So, PB’ = 13.3 cm 
m- AB (z)- (23) 1 
АВ и) \-40) 3 
= А'В' = –10/3 = -3.33 cm 
For part CD, РС = 30, So, u =-30 ст 
1.11 1 | 5) 1 =—15ст = PC! 
у { и 10 30 15 
C'D' V -15 1 
Зо, т = = = = 
Ср и -30 2 
=> C'D' =5 cm 


B'C' = PC’ — PB’ = 15 - 13.3 = 17 cm 
So, total length A'B' + B'C' + C'D' = 3.3 + 1.7 + = 10cm. 


























= —25 ст 
ma NB... ene А у mole oM 
AB и -25 10 25 
у = 23x14 = 35 cm. 
10 
Now, UN 
v u f 
E | 2 5 - —87.5 cm. 
f 35 \-25 175 175 


So, focal length of the concave mirror is 87.5 cm. 





18.2 
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10. 


11. 


12. 


13. 


- —3.8 x 10? km 
diameter of moon = 3450 km ; f = -7.6 m 


1 1 1 1 il 1 
i. і = > і = 
v u f v 3.8 x10" 7.6 


Since, distance of moon from earth is very large as compared to focal 
length it can be taken as о. 


= Image will be formed at focus, which is inverted. 
а | : ЕЕС т. 























V 7.6 
4, SN HE 4, 
m= V _ "image = (-7.6) _ image 
U deja | (-3.8x105) 3450х103 
3 
image = анчид лын = 0.069 т = 6.9 cm. 
3.8x10 
u = -30 ст, f = –20 cm 
1.1 1 R 
We know, —+—=— Image ` 
v u f 











= L ЭН 5) 25-60 0m. 
V 30 20 


Image of the circle is formed at a distance 60 cm in front of the mirror. 
a Rimage -60 | Rimage 30cm 
u В —30 2 


Robject б 








object 
— Rimage 7 4 cm 
Radius of image of the circle is 4 cm. 
Let the object be placed at a height x above the surface of the water. 
The apparent position of the object with respect to mirror should be at the centre x d (R-h) 
of curvature so that the image is formed at the same position. R 

Real depth — 1 
' Apparent depth 


X 1 R-h 
— 1 


Since 





(with respect to mirror) 





Now 


"R-h и’ nu 

Both the mirrors have equal focal length f. 

They will produce one image under two conditions. 

Case 1: When the source is at distance '2f' from each mirror i.e. the source is at 

centre of curvature of the mirrors, the image will be produced at the same point 

S. So, d = 2f + 2f = 4f. 

Case Il : When the source S is at distance ‘f from each mirror, the rays from the 

source after reflecting from one mirror will become parallel and so these parallel 

rays after the reflection from the other mirror the object itself. So, only sine 

image is formed. 

Неге, а= f * f - 2f. 

As shown in figure, for 1° reflection in М;, u = —30 cm, f = -20cm 

> : = 55 v = —60 cm. мие) [ 2 | өг 

So, for 2™ reflection in М> 

u = 60 – (30 + x) = 30-х 

у= х; {= 20 ст 
1 1 1 

30-x x 20 











- х2-10Х-600-0 taom х ” 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


> х= LM m = 20 cm or —30 cm 


-. Total distance between the two lines is 20 + 30 = 50 cm. 
sini 3x10? 0459 











We know, — - 
sinr V sin 30? 
> үз 3x10" m/sec. 
42 
Distance travelled by light in the slab is, 
CIEN NN eee 
соѕ30° 43 
So, time taken = 2 2хү2 5 1 0.54 x 10? = 5.4 x 10? sec. 
V3 x 3x10? 
Shadow length = BA’ = BD + A'D = 0.5 + 0.5 tan r 
sin45° 


Now, 1.33 = ——— = sinr = 0.53. 
sinr 





= cos r = J1-sin?r = 41-(0.53)? = 0.85 

So, tan г = 0.6235 

So, shadow length = (0.5) (1 + 0.6235) = 81.2 cm. 

Height of the lake = 2.5m 

When the sun is just setting, 6 is approximately = 90° 
sini ир 1 4/3 

"Sinr шщ sinr 1 

As shown in the figure, x/2.5 = tan r = 1.15 

= х= 2.5 х 1.15 = 2.8 т. 

The thickness of the glass is d = 2.1 cm and p 71.5 

Shift due to the glass slab 


Apes 2- (i 24 -0.7 CM 
u 1.5 


So, the microscope should be shifted 0.70 cm to focus the object again. 











sinr 2 r = 49° 
4 


Shift due to water Atw = 1-1 4-Р) =5cm 
u 1.33 


Shift due to oil, At, = í " a)» - 46cm 


Total shift At = 5 + 4.6 = 9.6 cm 
Apparent depth = 40 - (9.6) = 30.4 cm below the surface. 


The presence of air medium in between the sheets does not affect the shift. 


The shift will be due to 3 sheets of different refractive index other than air. 


M NE Я d 
-| 2502) [1 s Jo». 1104) 


= 0.2 cm above point P. 
Total по. of slabs = К, thickness = t4, to, t3 ... tk 
Refractive index = ил, ро, из, Has... Ик 


2. The shift At = | : № | : № +... | | : № ...(1) 
Hy H2 Ик 

















м XO 


20cm 


1с 


© 
u= 1.4 
m 
Га 
т 
к= 1.2 
°p 


1с 


If, и —> refractive index of combination of slabs and image is formed at same place, 


At = шээх ...(2) 
u 
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21. 


22. 


23. 


Equation (1) and (2), we get, 








I 
~ 
= 
< 
+ 
N 
+ 
— 
Е 
— 
2 
+ 
N 
+ 
х 
ме 








№ H2 Ик 
k 
2014 E (t, 24 
“ММ ЭРЭЭД 
асан tu) 


Given r = 6 ст, г; = 4 ст, h; = 8 cm 

Let, В = final height of water column. 

The volume of the cylindrical water column after the glass piece is put will be, <> 
nh = 800 x + лг, 

or r^h = 800 + rh, 

ог 6^h = 800 + 4^ х = 25.7 cm 

There are two shifts due to glass block as well as water. 





So, A = | 1- —-]t, = (1-4 )8 = 2.26 cm 
Ho 3/2 





1 1 
And, ^t, = | 1 t, =| 1- 25.7 —8) = 4.44 cm. 
ў | Ь | 437 


Total shift 2 (2.66 + 4.44) cm = 7.1 cm above the bottom. 

а) Let x = distance of the image of the eye formed above the surface as seen by the fish 
H  Realdepth 1 
хо Apparent depth Е u 


Hw 


So, or x = uH 





So, distance of the direct image = ан uH =H(u + >) 


Similarly, image through mirror = 5. (H+ x) = A + pH = H(u + 5) 








b) Here, нер so, y= ны 
у 2u 


Where, y = distance of the image of fish below the surface as seen by eye. 

So, Direct image = H + y = TNR = (tz) 
2u 2u 

Again another image of fish will be formed H/2 below the mirror. 

So, the real depth for that image of fish becomes H + H/2 = 3H/2 

So, Apparent depth from the surface of water = 3H/2u 


So, distance of the image from the eye = H+ a =H(1+ 2. 
2u 2u 
According to the figure, x/3 = cotr ...(1) 
Again, sini _ 1 23 
133 4 
4 43 4 wi. BC 3 
> sinr= —sini=—x—=— (because sin i= — = —) 
3 3 5 5 АС 5 





=> cotr= 3/4 ...(2) 

From (1) and (2) = х/3 = 4 

=> х = 9/4 = 2.25 cm. 

-. Ratio of real and apparent depth = 4 : (2.25) = 1.78. 





18.5 
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24. Forthe given cylindrical vessel, dimetre = 30 cm 
=r = 15 стапа h = 30 ст 


Now, anes [s =1.33 = Ч > 


sinr 4 
= sini= 3/442 [because r = 45°] 
The point P will be visible when the refracted ray makes angle 45° at point of 














refraction. 
Let x = distance of point P from X. 
Now, tan 45° = ae «T 
=> 4=х+ 10 ...(1) 
Again, tan i = x/d 
> C Mes = since sini = 3 — tani - d | 

423 4 | 4/2 J23 

3 4-10, a 2310 _ 56 7 om, 











— 
423 d 423-3 
25. As shown in the figure, 
510459 2 : ѕіп 45° 1 451 
- - sinr = - >r=21° 
sinr 1 2 2/2 
Therefore, 0 = (45° — 21°) = 24° 
Here, BD = shift in path = AB sin 24° 











= 0.406 x AB = x0.406 = 0.62 cm. 





cos21° 
26. For calculation of critical angle, 
sini p = sinc _ 15 75 
sinr wy 890 1.72 86 
—Czsin^ (28) 
26 
27. Let 0, be the сг са! angle for the glass 
sing; T sin0, RNC Ө. = sin ' Ө 
5іп90° х 15 3 3 
From figure, for total internal reflection, 90? — ф > Ө, 
=> p < 90° — 0, => ф < cos (2/3) 
So, the largest angle for which light is totally reflected at the surface is cos ' (2/3). 


28. From the definition of critical angle, if refracted angle is more than 902, then reflection occurs, which is 
known as total internal reflection. 
So, maximum angle of refraction is 907. 
29. Refractive index of glass ug = 1.5 
Given, 0? « i « 90? 
Let, C Critical angle. 
us = а > 2065 -1 = 0.66 40748” 45° 90° 
sinr pg 5іп90° 15 
=> С = 40°48" 
The angle of deviation due to refraction from glass to air increases as the angle of incidence increases 
from 0° to 40°48”. The angle of deviation due to total internal reflection further increases for 40°48” to 
45? and then it decreases. 


30. pg = 1.5 = 3/2 ; pw = 1.33 = 4/3 


























31. 


32. 


33. 


For two angles of incidence, 
1) When light passes straight through normal, 
= Angle of incidence = 0°, angle of refraction = 0°, angle of deviation = 0 
2) When light is incident at critical angle, 
: Т-0 
Sine. = bw (since light passing from glass to water) к eea 
sinr Но 
= sin C = 8/9 = C = sin (8/9) = 62.73°. 
г. Angle of deviation = 90° — С = 90° — sin (8/9) = cos (8/9) - 97.27? 
Here, if the angle of incidence is increased beyond critical angle, total internal ° 
reflection occurs and deviation decreases. So, the range of deviation is O to water 
cos (8/9). 
Since, н = 1.5, Critial angle = sin (1/u) = sin (1/1.5) = 41.8? 
We know, the maximum attainable deviation in refraction is (90? — 41.8?) = 47.2? 
So, in this case, total internal reflection must have taken place. 
In reflection, 
Deviation = 180° —2i = 90° > 2i 90° > i = 45°. 
a) Let, x = radius of the circular area 























== tanC (where C is the critical angle) 
ЕЕ ораш (because sin С = 1/р) 
h 41-sin?C Ї Nd: 
u? 
x 1 h 
> = Orx= 
h yy? -1 и? -1 


So, light escapes through a circular area on the water surface directly above the point source. 
b) Angle subtained by a radius of the area on the source, C = 57 (1/1). 
a) As shown in the figure, sin i = 15/25 
So, ЭП! 1,3 
sinr u 4 
> sinr = 4/5 
Again, x/2 = tan r (from figure) 











: tanr х/2 
So, sinr = = 
1+їап?г 1 х2/4 
х 4 
> = — 





{ты 5 

=> 25х = 16(4 + x’) = 9х? = 64 > х = 8/3 т 

2. Total radius of shadow = 8/3 + 0.15 = 2.81 т 

b) For maximum size of the ring, i = critical angle = C 
Let, К = maximum radius 

ып = B 33 (since, sin r = 1) 

sinr 4202 4R 4 

= 168? = 9R? + 9 x 400 

= ТВ = 9 x 400 

=> К = 22.67 ст. 


= sin С = 











Chapter 18 





34. 


35. 


36. 


37. 


38. 


39. 


Given, A = 60°, р = 1.732 
Since, angle of minimum deviation is given by, 
| (4 + m) 
sin 
us —— 2 7 54732 х = sin(30 + 8m/2) 
sinA/2 
=> sin (0.866) = 30 + 8m/2 = 60° = 30 8m/2 = бт = 60° 
Now, бт =1+Г-А 
=> 60° =i + i’ – 60° (5 = 60° minimum deviation) 
=> і = 60°. So, the angle of incidence must be 60°. 











Given p= 1.5 
And angle of prism = 4° 
sin( ê +бт | 
= 2 / (А+ёь)/2 (for small angle sin 0 = 0) 
sinA/2 (A/2) 





+ бт 


= ps Attn >15 > би = 4? x (1.5) - 4° = 2°. 





Е 49-06, 


Given A = 60? and 6 = 30° 
We know that, 
зп ^73. +m } sin $0" + Om + би 
u= : - - 2 = 2sin 
sinA/2 sin 30? 
Since, one ray has been found out which has deviated by 302, the angle of minimum deviation should 
be either equal or less than 30°. (It can not be more than 30°). 





60? + б 
2 








So, u < 2sin 2o 7m (because и will be more if б will be more) 

or, u x2 х 1/42 or, н< V2. 

ш = 1, и; = 1.5, К = 20 cm (Radius of curvature), и = —25 cm Шш -sign convertion 
. Ho № 2-и 15 05 1 1 Wi, corn 71.0 н=1.5 
“vou R v 20 25 40 25 200 С 


=> у = —200 x 0.5 = —100 cm. 
So, the image is 100 cm from (P) the surface on the side of S. 











Since, paraxial rays become parallel after refraction i.e. image is formed at со. 
V= о, Wy = 1.33, и = 2, u2 = 1.48, К = 30 ст ku —sign convertion 
My Mq ом _, 1.48 1.33 148-133 , 1.33 0.15 

v u R со и 30 u 30 





= u = —266.0 ст 
^. Object should be placed at a distance of 266 cm from surface (convex) on side А. 
Given, р = 2.0 
So, critical angle = sin"! (=| = gin"! В = 30° 

H2 2 


4— —- 
30cm 


a) As angle of incidence is greater than the critical angle, the rays are totally 
reflected internally. 
b) Here, 92 — №1 = Ha a 
v u R 
> 2 -(-4) = a [For parallel rays, и = oo] 
V oo 3 
> 2 - 2 =>v=6cm 
у 3 
— If the sphere is completed, image is formed diametrically opposite of A. 
с) Image is formed at the mirror in front of A by internal reflection. 
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40. a) Image seen from left : 
u = (5 - 15) =-3.5 ст 











=—5 ст 
y Har MERE ce 1 | 15  1-1.5 
"v u R v 3.5 5 
25 1_1_3 = ү = a --3 cm (inside the sphere). 
v 10 7 23 


— Image will be formed, 2 cm left to centre. 











b) Image seen from right : 
u 2-(5 + 1.5) = -6.5 cm 
=-5 ст 
. H2 м нти _ 1, 1.5. 1-15 
у u R у 65 -5 
> de ri c = у= NU —7.65 cm (inside the sphere). 
v 10 13 17 
> i will be formed, 2.65 cm left to centre. 
41. К; = В = 10 ст, t = 5 ст, и = —o 
Рог Нь first refraction, (at A) 
Hg На _ Hg На ог 1.5 0-15 
v u К, V 10 
=> У = 30 ст. 
Again, for 2" surface, и = (30 — 5) = 25 cm (virtual object) 
R2 = -10 ст +ve| -Sign convention 
So, 1_15_ el suam 25 for both surfaces 
v 25 -10 


So, the image is formed 9.1 cm further from the 2™ surface of the lens. 
42. Forthe refraction at convex surface A. 


u =—%, Wy = 1, wo =? 
a) When focused on the surface, v = 2r, К = г Image 
So "2. Mt и 
'v u R 


1 
- 522220 y= 2-2 2=2 
2r r 
b) When focused at centre, = r4, К = г 
So, 24 | HaHa 
-1 
> BIB pet. 
R r v=r 


This is not possible. 
So, it cannot focus at the centre. 
43. Radius of the cylindrical glass tube = 1 cm 








p= Glass rod 
We know, H2 ЮМ Hy .H27H4 Hy 3/2| 
V u R 
Here, и = -8 cm, р = 3/2, вл = 4/3, В = +1 ст ы? 
3 4 з 1 1... 
So, | = +—=— у= 


2v 3x8 2 6 6 
г. The image will be formed at infinity. 
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44. |n the first refraction at A. 
u2 = 3/2, и = 1, u=0, В = о 
So, "2. М _ Ha 7 


V u R 
= у= 0 since (R > o and u = 0) 
-. The image will be formed at the point, Now for the second refraction at B, 
= —3 ст, R = -3 ст, ци = 3/2, w = 1 
1, 3 1-15 1 











So, —4 
v 2x3 -3 6 
TA 1] 
у 6 2 3 


= V = —3 ст, .. There will be no shift in the final image. 


45. Thickness of glass = 3 cm, pg 1.5 
Image shift = afi -13| 
1.5 
[Treating it as a simple refraction problem because the upper surface is flat and 
the spherical surface is in contact with the object] 


- 3x25 =1 cm. 
1.5 


The image will appear 1 cm above the point P. 
46. As shown in the figure, OQ = 3r, OP =r 

Зо, PQ = 2r 

For refraction at APB 


We know, H2 Hi Ио 
V 


и R 
15 1 05 1 





— [because и = —2r] 
у -2r г 2 = 
= у= о 
For the reflection in concave mirror 
U= 





So, v = focal length of mirror = r/2 
For the refraction of APB of the reflected image. 





Here, и = —3r/2 

1 15 .-05 ные, и = 1.5 and ро = айй В 27] 
у -3г/2 -r 

>v=-2r 


As, negative sign indicates images are formed inside APB. So, image should be at C. 
So, the final image is formed on the reflecting surface of the sphere. 
47. a) Let the pin is at a distance of x from the lens. 


Then for 1° refraction, #2. — 41 = H2 "Ht 
" 








и R 
Here u = 1.5, ил = 1, и = X В = -60 ст 
15 1 05 
у -x 60 
= 120(1.5x + v) = -vx ...(1) 
=> v(120 + x) = -180x 
y —180x 
120 +x 


This image distance is again object distance for the concave mirror. 
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48. 


49. 


50. 


_ -180х 
120-х” 
12:12:41 1 A204) 


+= — = 
v u f vw, -10 180x 


1 120-х-18х , _ _ 180x 
у, 180х 17 120-17x 


Again the image formed is refracted through the lens so that the image is formed on the object taken in 
the 1” refraction. So, for 2™ refraction. 
According to sign conversion v = —x, р = 1, p = 1.5, К = -60 





f=-10cm(.. f= R/2) 














Now, H2 _ № _ № [uz 180x | 
V u R 120 -17x 

1 1.5 (120 1252209 

-x 180х —60 


1,120-17x -1 
x 120х 120 
Multiplying both sides with 120 m, we get 
120 + 120 - 17x = -x 
=> 16x = 240 > x = 15 ст 
-. Object should be placed at 15 cm from the lens оп the axis. 
For the double convex lens 
f = 25 ст, К. = Rand К» = -2R (sign convention) 











4 1 1 +уе 
-(u-1 
seu (к | “a 
RI = (15 К 1 )= 055) 
25 R 2А 2 zi С 
= 1.31 в = 18.75 ст = 
25 4R В; Ri 


В, = 18.75 ст, R2 = 2R = 37.5 cm. 
В, = +20 ст; В. = +30 ст; р 1.6 
a) If placed in air : 








1 1 1 1.6 1 1 
= 1 = 1 OR 
= (е (a =| | 1 (ж 5) Ч 
=> f = 60/6 = 100 cm C. С; 
b) If placed in water : 
Mm ———- 
1 1 1| _ [1.6 1 1 R2 
= (Ly 1) Е 1 
f R, Б, 1.33 20 30 
=> f = 300 ст 
Given p = 1.5 


Magnitude of radii of curvatures = 20 cm and 30 cm 
The 4types of possible lens are as below. 


1 1 1 
p * m 


Case (1) : (Double convex) [К+ = *ve, R2 = —ме] | | 








1. (15 x4 1 
f 20 —30 


Case (2) : (Double concave) [К+ = —ve, R3 = *ve] 


1 _ (15 Е 1) = f=-24 om 
Ї 20 30 


| t= 240m 
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Case (3) : (Concave concave) [R, = -ve, В, = -ve] 


1_ (15 Y | : | = f= -120 om 
f -20 -30 
Case (4) : (Concave convex) [R; = *ve, R2 = *ve] 








UT Е T) fe 5420 от 
f 20 30 


51. a) When the beam is incident on the lens from medium ju. 














Then #2 _ № _ Het or H2. и H2 7 H4 
v u R v (—) R 2 
1 = R u3 
or — = 21и и ОГУ = H2 
у LR H2 = № 
Again, for 2 refraction, #3 2... Hs Н2 
d R *ve 
E 
н Ha-Ho H u3 Hy = +4 
or, 3 _ 3 2 2 (u2 ш) > | 3 2 2 1 
ы R M2R R 
M Hs 


ог, У = LE | 
H3 — 2H + p 











So, the image will be formed at = ceri 
2125-14-13 
b) Similarly for the beam from из medium the image is formed at HR 
H2 мб 
52. Given that, f = 10 cm 
a) When u = -9.5 cm 
1.1 1 1 1 1. -02 
v u f v 10 98 98 
=> у= – 490 cm 
v -490 — 
So, > m= — = —— = 50 ст 9.8cm 
u -9.8 10cm 
So, the image is erect and virtual. (Virtual image) 


b) When и = -10.2 cm 
1.1 1 1 1 1 102 
= =>. = = 
v u f v 10 -102 0.2 
= ү = 510 ст 








Зо, т = М = 510 10ст 
u -98 10.2cm 
The image is real and inverted. (Real image) 
53. For the projector the magnification required is given by 
т = vee >u=17.5cm 
и 3.5 


[35 mm > 23 mm, so the magnification is calculated taking object size 35 тт] 
Now, from lens formula, 





1_1_1 

v u f 

1 1 1 1 1 1 
= =- => i - 

v и f 1000 175 f 
— {= 17.19 cm. 
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54. 


55. 


56. 


5T. 


58. 


When the object is at 19 cm from the lens, let the image will be at, v4. 
1 1 1 1 1 1 
20504, = 
V и f м -19 12 
= у = 32.57 ст 
Again, when the object is at 21 cm from the lens, let the image will 
be at, Уг 
1 1 1 1 1 1 
> =-> t—= 
Vo Up f v, 21 12 


= V2 = 28 ст 














-. Amplitude of vibration of the image is A = BE = пт 
-s a= 3257-28 «2285 om, 


Given, u = —5 cm, f = 8 cm 
T. d. 11 -3 
= => = 
v u f 8 5 40 
=> v = -13.3 cm (virtual image). 
Given that, 
(-u) + v = 40 cm = distance between object and image 
ћ = 2 ст, h; =1 ст 


So, 








Since Ur 28 magnification 


о 








elc wee coy (1) шш 
2 -u 
Но 253 и 
у и f у 2 f 
D oi pet E 
2v f 3 





Again, (—u) + v = 40 
=> 3v = 40 v = 40/3 cm 
_ 2x40 
B x 
From eqn. (1) and (2) 

= —2v = —3f = -3(8.89) = 26.7 cm = object distance. 
A real image is formed. So, magnification m = —2 (inverted image) 


zT 





= 8.89 cm - focal length 


„М 2-25 у=-2и = (-2) (-18) =36 
u 
jer. pr ood 


= = 
f 36 -18 f 





1 1 
From lens formula, - 
у u 


= #= 12 ст 
Now, for triple sized image m = -3 = (v/u) 
11 1 1 1 1 
"vu f Зи и 12 
=> Зи = —48 > u = —16 cm 
So, object should be placed 16 cm from lens. 
Now we have to calculate the image of A and B. Let the images be A’, B’. So, length of A’ B’ = size of 
image. 
For A, = —10 ст, f = 6 ст 
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59. 


60. 


61. 


: 1.1 1 1 1 1 
Since, =- > = 

у f v -10 6 
= у= 15 cm = OA’ 
Рог В, и = —12 ст, f = 6 ст 
Again, 1 1_1 22 2-2 1 

v u f v 6 12 
>v = 12 ст = OB’ 
-A'B'ZOA'-OB'215- 12 = З ст. 
So, size of image = 3 cm. 

=—1.5 x 10" m; f= +20 х 10° m 

Since, f is very small compared to u, distance is taken as o. So, image will be formed at focus. 
—v2420x10?m 
у h 


2. We know, m = — = —“29 
u h 











object 


20 x10? ЕЭ Dimage 


— 
1.5101! 1.4х109 
= Dimage = 1.86 mm 





D. 
So, radius = cum = 0.93 mm. 


Given, P = 5 diopter (convex lens) 
—f-1/5m = 20cm 
Since, a virtual image is formed, u and v both are negative. 


2275 
Given, v/u = 4 f= 20 ст 2 
=>v=4u ...(1) | 
From lens formula, om - : 
u 


1 1 1 1 1-4 3 

f 4u и 20 4 4u 
>u=-15cm 
-. Object is placed 15 cm away from the lens. 
Let the object to placed at a distance x from the lens further away from the mirror. 
For the concave lens (17 refraction) 
u = —X, f = —20 cm 
From lens formula, 
111 1 1 1 

== > -- + 

v u f v -20 -x 


(25) 
-шүз- 
х-20 


So, the virtual image due to fist refraction lies on the same side as that of object. (А’В’) 
This image becomes the object for the concave mirror. 
For the mirror, 


TT [5- 20х )- (25-100, 
“х-20 х-20 
- —10 cm 


From mirror equation, 
1 1 1 1 1, х-20 


>—= | 
у u f у -10 25х-100 
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62. 


63. 


64. 


65. 


ЛЭ 50(x + 4) 
Зх — 20 
So, this image is formed towards left of the mirror. 
Again for second refraction in concave lens, 


u= -[s „кә (assuming that image of mirror is formed between the lens and mirro) 








3x - 20 
У = +х (Since, the final image is produced on the object) 
Using lens formula, 
1.1 1 29 1, 1 1 
v u f х 5. 50(х+4 -20 
3x - 20 


=> х= 60 ст 
The object should be placed at а distance 60 cm from the lens further away from the mirror. 
So that the final image is formed on itself. 
It can be solved in a similar manner like question no.61, by using the sign conversions properly. Left as 
an exercise for the student. 
If the image in the mirror will form at the focus of the converging lens, then after transmission through 
the lens the rays of light will go parallel. 
Let the object is at a distance x cm from the mirror 
= —хст ; v = 25 – 15 = 10 cm (because focal length of lens = 25 cm) 
#= 40 ст 
1.1 1,1 1 1 


v u f x 10 40 
— x = 400/30 = 40/3 














2. The object is at distance (s -2) -2 = 1.67 cm from the lens. 


15 
The object is placed in the focus of the converging mirror. i 


There will be two images. 
a) One due to direct transmission of light through lens. 
b) One due to reflection and then transmission of the rays through lens. 
Case 1: (55) For the image by direct transmission, 

и = -40cm, f = 15 ст 

111 11 1 

=- > – = H 

v u f v 15 -40 

= у = 24 cm (left of lens) 








Case 11: (57) Since, the object is placed on the focus of mirror, after 50cm 
reflection the rays become parallel for the lens. 
So, и= о 
=> {= 15 ст 
111 
=> —-- =- > V= 15 ст (left of lens) 
у и f 


Let the source be placed at a distance ‘x’ from the lens as shown, so that images formed by both 
coincide. 


1 1 1 15x 








For the lens, - У, = ...(1) 
у, -x 15 519 

Fro the mirror, и = —(50 — x), f  -10 cm 

So, 1, 1 EN 











Vm 50-х) 10 


50cm 
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66. 


67. 


68. 








1.5 1 
Vm -(50-x) 10 
10(50 - x) 
So, Vm = — 2—1 (2 
"  х-40 e 


Since the lens and mirror are 50 cm apart, 
15x  10(50-x) 
x-15  (x-40) 


V; — Ут = 50 > = 50 





= х= 30 ст. 
So, the source should be placed 30 ст from the lens. 
Given that, f4 = 15 cm, Fm = 10 cm, ho = 2 ст 


The object is placed 30 cm from lens СИ = зо 
v u 


uf 


u+f 
Since, и =—30 cm and f= 15 cm 
So, v = 30 cm 
So, real and inverted image (A'B') will be formed at 30 cm from the lens and it will be of same size as 
the object. Now, this real image is at a distance 20 cm from the concave mirror. Since, fm = 10 cm, this 
real image is at the centre of curvature of the mirror. So, the mirror will form an inverted image A"B" at 
the same place of same size. 


Again, due to refraction in the lens the final image will be formed at AB and will be of same size as that 
of object. (А”В””) 
For the lens, f = 15 cm, и = -30 cm 





50cm 








From lens formula, i - 1 = 1 u=1.5 
v u f 
Li шон v = 30 ст 
у 15 30 30 
The image is formed at 30 cm of right side due to lens only. 
Again, shift due to glass slab is, *— 30cm 7 1ст 


=At= (i-i [since, ug = 1.5 and t = 1 ст] 


= 1 - (2/3) = 0.33 cm 
. The image will be formed at 30 + 0.33 = 30.33 cm from the lens on right side. 
Let, the parallel beam is first incident on convex lens. 
d = diameter of the beam = 5 mm 


Now, the image due to the convex lens should be formed on its 
focus (point B) 


So, for the concave lens, 
и = +10 cm (since, the virtual object is on the right of concave lens) 
= —10 ст 
11 1 Ah vd 
vu f v 10 10 
So, the emergent beam becomes parallel after refraction in concave lens. 
As shown from the triangles XYB and PQB, 
PQ RB 10 1 
XY ZB 20 2 
Зо, РО = % х 5 = 25 mm 
So, the beam diameter becomes 2.5 mm. 
Similarly, it can be proved that if the light is incident of the concave side, the beam diameter will be 1cm. 





So, O>v=0 
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69. 


70. 


71. 


Given that, f, = focal length of converging lens = 30 cm 
# = focal length of diverging lens = —20 cm 

and d = distance between them = 15 cm 

Let, Е = equivalent focal length 


1 1 1 d 1 ( 1 } 15 1 
So, .. –=— 4 > + = 
F fh f ff 30 20 30(-200 / 120 

> Е = 120 ст 
> The equivalent lens is а converging one. 
Distance from diverging lens so that emergent beam is parallel (image at infinity), 
die ЧЕ _ 15х120 = 60 cm 

f, 30 
It should be placed 60 cm left to diverging lens 
— Object should be placed (120 — 60) - 60 cm from diverging lens. 
dF _ 15x120 
fz 20 
So, it should be placed 90 cm right to converging lens. 
= Object should be placed (120 + 90) = 210 cm right to converging lens. 
a) First lens : 

= —15 cm, f= 10 cm 

111 1 | 1 ) 1 

кушы, = 
v u f V 15 10 
=> у= 30 ст 
So, the final image is formed 10 cm right of second lens. 
b) m for 1° lens : 

V himage ( 30 } himage 
= — = 
u h -15 5mm 


object 








Similarly, 42 = = 90 ст 








15ст 
1st 2nd 





=> himage = —10 mm (inverted) 
Second lens : 
= —(40 – 30) = -10 cm; f = 5 cm 
[since, the image of 1° lens becomes the object for the second lens]. 


1.1 1 1 | 1. 1 
= = = 
v u f v 10 5 


= у= 10 ст 

т for 2™ lens : 
V himage E o) himage 
u haja \10/ -10 


=> himage = 10 mm (erect, real). 
c) So, size of final image = 10 mm 
Let u = object distance from convex lens = —15 cm 
v4 = image distance from convex lens when alone = 30 cm 
f4 = focal length of convex lens — бт >” 
TEES 
v u f 
1 1 1 1 1 
or, = 15cm 


f, 30 -15 30 15 eU est 


40cm 

















or Н = 10 cm 
Again, Let v = image (final) distance from concave lens = +(30 + 30) = 60 ст 
vı = object distance from concave lens = +30 m 
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72. 


73. 


74. 


f2 = focal length of concave lens 


Мы 
у у, f 
Or, оі. => fz = —60 ст. 
f, 60 30 


So, the focal length of convex lens is 10 cm and that of concave lens is 60 cm. 


a) The beam will diverge after coming out of the two convex lens system because, the image formed by 
the first lens lies within the focal length of the second lens. 


1.1 1.1 1 





























b) For 1° convex lens, - = (since, u = оо) 
v u f v 10 
or, v = 10 cm 
4 1.4 f; =10cm f; =10cm 
for 2" convex lens, — =-+— 
v f u 
1 1 1 -1 
ОГ, = Ї = 
у’ 10 -(15-10) 10 
or, v' = -10 cm 15cm 
So, the virtual image will be at 5 cm from 1* convex lens. 
C) If, F be the focal length of equivalent lens, 
тёп ый 4,11 15 1 
Е f f ff 10 10 100 20 
> Е = 20 ст. 
Let us assume that it has taken time Ф from A to B. 
LU 
7 AB = —gt 
59 
1 = 
. BC h- —gt? | [s at? 
2 h B 
This is the distance of the object from the lens at any time “Ё. ic 
Here, и 2 - (h- 590) 
u2 = u(given) and p = i (air) 
So, > Ё 0 = — 
V 2 ! 
-(h- — gf 
(15580) 
(uh 7502) -В 
p_ pot je 228 2? 
V R 1 2 1 2 
Пп--01 R(h-—gt 
(h-zgt) h-2gt) 
нА - 2 gt”) 
So, v = image distance at any time 't' = 2 
(и 1) – -gt^)-R 
2 
uR(h—_ gt?) 7 
So, velocity of the image = V = Е = E 2 = Hol (can be found out). 


(u-9)h-;9t*)-R (u-h-9t)-R 


Given that, и = distance of the object = —x 
f = focal length = —R/2 
and, V = velocity of object = dx/dt 
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У 1 1 2 
From mirror equation, — +— = -= 
-Х R 
1 2 1 R-2x X : 
- == = ———— = |mage distance 
V R x Rx R-2x 2007 > 
So, velocity of the image is given by, 
d d 
y, , de. ИВ ER IRI 
dt (В - 2x)? 
dx dx 
- Аа ЛЕ > RIR- 2x) + 2vx0 
(В - 2х)? (В - 2х)? 
_ _ VR?  RIVR-2xV + 2xV 
(2x - RY (В - 2х)? 


. а) When t < d/V, the object is approaching the mirror 
As derived in the previous question, 
2 Velocity of object х R? 
mage“ Dxdistance between them -RJ? 
VR? 
[2(d - Vt) - RP 
b) After a time t > d/V, there will be a collision between the mirror and the mass. 


As the collision is perfectly elastic, the object (mass) will come to rest and the mirror starts to move 
away with same velocity V. 


At any time t > d/V, the distance of the mirror from the mass will be 








— Vimage 7 [At any time, x = d – Vt] 


X= v(t-2)-w-a 
V 


Here, и  -(Vt - d) = d - Vt ; f = -R/2 
1111 1 Y a) 


So, +— = = : 
у и f V d-Vt (-R/2) R(d- Vt) 


R(d- Vt) 
>v= -| — 
В - 2(d - Vt) 
So, Velocity of the image will be, 
d 


d 
Vimage = — (Image distance) = — 
g ar g ) A 

















| = Image distance 


R(d- Vt) 
R+2(d-Vt) 
Let, y = (d- Vt) 
> Зу --М 
dt 
| - d| Ry | (R-«2yR(-V)-Ry(2)(-V) 
So, Vimage 2 
dt| R+2y (К + 2у) 
R +2у - 2y -VR? 
= -Vr 2 | 2 
(R+2y) (R+2y) 
Since, the mirror itself moving with velocity V, 
R? 
(В +2у)° 











Absolute velocity of image = Л - 


= V 2 
[2( Vt - d) - R? 


| (since, үз V mirror * Vimage) 
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76. 


77. 


Recoil velocity of gun = V, = T : 


At any time “Ё, position of the bullet w.r.t. mirror = Vt a, - К тм 


For the mirror, и = (1м = КМ 


miror { 
v = position of the image kd ~> 
vg = (mV)/m 
From lens formula, 
1.1 1 1 1,1 1 1 1-КМ 


v f u v -f kyt kvt f  kVtf 


Let (0-8) 
M 


kVft kVtf 
“KVt+f 153 
So, velocity of the image with respect to mirror will be, 
dv d | kVtf | _ (f -KVOKVf -kVtf(-kV) _ kvt? 
dt dtLf-kVt (f -kVt)? (f -kVt)? 
Since, the mirror itself is moving at a speed of mV/M and the object is moving at ‘V’, the velocity of 
separation between the image and object at any time 't' will be, 

у; = V+ mv d kvf? 

M (f-kvt)}? 

When, t = 0 (just after the gun is fired), 


uera evs ту =2(14 2 \v 
M M M M 


Due to weight of the body suppose the spring is compressed by which is the mean position of 
oscillation. 








So, v= 








“У = 








m = 50 х 10? kg, 9 = 10 ms”, К = 500 Nm 2, h = 10 cm = 0.1 т AAA, 
For equilibrium, mg = kx = x = mg/k = 10°?т = 0.1 ст nem 
So, the mean position is at 30 + 0.1 = 30.1 cm from P (mirror). Ea 


Suppose, maximum compression in spring is 6. 
Since, E.K.E. — I.K.E. = Work done 








— 0-0=mg(h + 8)— % кб? (work energy principle) 
= mg(h + 5) = % Кё? > 50 x 10? x 10(0.1 + 8) = % 500 &? Fig A 
So, 8 = 095025 +50 Z 0,015 m= 1.5 om. 
2x 250 
From figure B, 
Position of B is 30 + 1.5 = 31.5 cm from pole. mirror 
Amplitude of the vibration = 31.5 — 30.1 - 1.4. | 
Position A is 30.1 — 1.4 = 28.7 cm from pole. A Е em 
For A u = —31.5, f = —12 cm 14с 
1 11 1 1 mean 

"N f u 12 315 m i 

= Va = —19.38 cm НИ 
Fig-B 


Рог В f = -12 cm, и = 28.7 cm 
1.11 1,1 


v f u 12 287 


=> ув = —20.62 cm 
The image vibrates in length (20.62 — 19.38) - 1.24 cm. 
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78. a) In time, t= R/V the mass B must have moved (v x Б/У) = R closer to the mirror stand 


79. 


So, Рог the block В : 
--R,f--R/2 
1 1 1 2 1 1 





opus НЕЕ В 

= у = —К а the same place. 

For the block A: и = —2R, f = -R/2 
111-2 1 - 


v fu R 2R 2R 








= origin 
у= = image of A at = from PQ in the x-direction. 


So, with respect to the given coordinate system, 


-. Position of A and B are =, R respectively from origin. 


b) When t = 3R/v, the block B after colliding with mirror stand must have come to rest (elastic collision) 
and the mirror have travelled a distance R towards left form its initial position. 


So, at this point of time, 
For block A : 
= —R, f = -R/2 
Using lens formula, у = —R (from the mirror), 
So, position x4 = —2R (from origin of coordinate system) 





For block B : 
Image is at the same place as it is R distance from mirror. Hence, ü m 
position of image is ‘0’. Эхо a == 


Distance from РО (coordinate system) 
-. positions of images of A and B are = —2R, 0 from origin. 
c) Similarly, it can be proved that at time t = 5R/v, 

the position of the blocks will be -3R and —4R/3 respectively. 
Let a - acceleration of the masses A and B (w.r.t. elevator). From the freebody diagrams, 
Т-тажта-20-0 ...(1) z 
Similarly, T - ma = 0 ...(2) | 
From (1) and (2), 2ma — mg - 2m =0 m 
> 2та = m(g + 2) 





origin В 











ge OS e cms? 
2 2 

SO, distance travelled by B in t = 0.2 sec is, 

s= 122-1,6х(02 = 0.12 т = 12 ст. mg 
So, Distance from mirror, и = —(42 — 12) = -30 cm ; f= +12 cm ЕБЕ 

| | 1.1 1.1 1 1 A 
From mirror equation, —+—=-=>-—+ = 
у uf v 30; 12 


=> у= 8.57 ст 
Distance between image of block B and mirror = 8.57 cm. 


^^^ 
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The visual angles made by the tree with the eyes can be 
calculated be below. 
Height of the tree AB 2 


= — Өд = — = 0.04 
Distance from the еуе ОВ 50 











similarly, Өв = 2.5 / 80 = 0.03125 
Өс = 1.8 / 70 = 0.02571 CUNEO B 
0p = 2.8 / 100 = 0.028 


Since, Өд > Өв > Өр > Өс, the arrangement т decreasing order is given by A, B, D and С. 





For the given simple microscope, 
{= 12 ст and D = 25 cm 
For maximum angular magnification, the image should be produced 
at least distance of clear vision. 
So, v = — D = —25 cm 
11 1 


Now, ———-- «— D-25cm 
v u f = 





= 1 11 1 1_ 37 (Simple Microscope) 
u v f -25 12 300 





= u = —8.1 ст 
So, the object should be placed 8.1 cm away from the lens. 


The simple microscope has, m = 3, when image is formed at D = 25 cm 


а) т = 142 = 3-12 


=> f = 25/2 = 12.5 cm 


b) When the image is formed at infinity (normal adjustment) 


Magnifying power = [+2 28% 
f 12.5 


The child has D = 10 cm and f = 10 cm 


- 2.0 


The maximum angular magnification is obtained when the image is formed at near point. 


mz 14D 21419 244422 
f 10 


The simple microscope has magnification of 5 for normal relaxed eye (D = 25 cm). 


Because, the eye is relaxed the image is formed at infinity (normal adjustment) 
So,m=5= 22 >f=5cm 


For the relaxed farsighted eye, D = 40 cm 


So, its magnifying power is 8X. 
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For the given compound microscope 


f, = 0.2m 


1 = 0.04 m= 4 cm, Ё, = Uu ИКРУ 0.2 m = 20 ст Е бола objective 


objective 


{езш =—==—=—= 
27:25 diopter 5 diopter 


D = 25 ст, separation between objective and eyepiece = 30 cm 


The magnifying power is maximum when the image is formed by 
the eye piece at least distance of clear vision i.e. D = 25 ст 
for the eye piece, Ve = —25 cm, f, = 20 cm 
For lens formula, шэн = 2 
Ус Ue fe 
1 1 1 1 1 
= > 
Ue Ve f -25 20 
So, for the objective lens, the image distance should be 
М = 30 - (11.11) = 18.89 cm 
Now, for the objective lens, 
Vo = +18.89 cm (because real image is produced) 











— ue = 11.11 ст 





fo = 4 cm 
so, 1-1 -1.,_1 120.053 0.25 = -0.197 
Uy v, f 1889 4 


=> Ш = —5.07 ст 
So, the maximum magnificent power is given by 
= Vo T D| 182911 25 
Us f. —5.07 20 
= 3.7225 x 2.25 = 8.376 
For the given compound microscope 
fo = 1 ст, fe = 6 cm, D = 24 ст 
For the eye piece, v, = —24 cm, f, = 6 ст 
1 1 1 


Now, — -— = — 
Ve Че fe 


1 1 1 | 1 | 5 
2 > pale 
Че \ f 24 6 24 
=> Ue = -4.8 ст 


а) When the separation between objective and eye piece is 9.8 cm, the image distance for the objective 
lens must be (9.8) — (4.8) = 5.0 cm 

















5 ст 4.8cm 











Now, L-4 = 
Vo Ш f 1 
1_11_11_ 4 i 
> T = майлаш ! 
Uo Vo fo 5 1 5 D 9.8cm 
24 cm 
—ug-2-— =- 1.25 ст Fig-A 


So, the magnifying power is given by, 





m= 1+7 | =o 1922 =4x5=20 
Ug f -1.25 6 
(b) When the separation is 11.8 cm, 
Vo = 11.8 — 4.8 = 7.0 cm, fo = 1 cm 
1 1 1 1 1 6 


— - = =. 
Uo Vo fo 7 1 7 
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богт--1011-21- = Е z -6х5-30 
и, f 48 6 
6 


So, the range of magnifying power will be 20 to 30. 
For the given compound microscope. 
= — =0.05т = 5 cm, = 1 =0.1т = 10 ст. 

200 100 

D = 25 cm, separation between objective & eyepiece- 20 ст 
For the minimum separation between two points which can be distinguished by eye using the 
microscope, the magnifying power should be maximum. 
For the eyepiece, Vo = —25 cm, f, = 10 cm 


qord aae 255] 50 





So, - - Ue == — cm 
Ue Ve Е -25 10 50 7 


So, the image distance for the objective lens should be, 
Vo = 20 – 50 = 99 ст 
7 7 
Now, for the objective lens, 
d. 3 Wee, А М 
Uo Vo f 90 5 90 





90 
=> Uo =#=— —ст 
11 


So, the maximum magnifying power is given by, 


mz weh P 
Ug fè 





= 1135 =5.5 


Thus, minimum separation eye can distinguish = = mm = 0.04 mm 

For the give compound microscope, 

fo = 0.5cm, tube length = 6.5cm 

magnifying power = 100 (normal adjustment) 

Since, the image is formed at infinity, the real image produced by the objective lens should lie on the 
focus of the eye piece. 





So, Vo + fe = 6.5 cm ...(1) 
Again, magnifying ромег= хор [for normal adjustment] 
и 
0 е fe | 
Sma Уб: „Уо _1_Уо Еуе рїесе 
fo | fe Uo fo 
= 100 =-|1- № |29  [такид D = 25 om] 
0.5] f, ha 
=> 100 f, = -(1 – 2vo) x 25 
=> 2v —4 = 1 ...(2) 
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10. 


11. 


12. 


Solving equation (1) and (2) we can get, 

Vo = 4.5 cm and f, = 2 cm 

So, the focal length of the eye piece is 2cm. 
Given that, 

fa ==1 cm, f = 5 ст, uo=0.5cm, | Ve = 30 ст eo Eye pice 
For the objective lens, ug = — 0.5 cm, fy = 1 ст. 
From lens formula, 











1 1 1 1 1 1 1 1 Objective A" 
Ie ee ы - П = | = = > 
> Vo =— 1 ст 60cm 


So, a virtual image is formed by the objective on the same side as that of the object at a distance of 1 
cm from the objective lens. This image acts as a virtual object for the eyepiece. 
For the eyepiece, 
1 1 1 1 1 1 1 1 -5 -4 
m са тэ уйл, - = = = = Uo = — 6 ст 
Vo Uo fo Uo Vo fọ 30 5 30 6 
So, as shown in figure, 
Separation between the lenses = uo — Vo = 6 — 1 = 5 cm 
The optical instrument has 








45:22: = 0.04 m = 4 ст 
250 

pe = 0.05 т = 5 ст 
200 


tube length = 25 cm (normal adjustment) 
(а) The instrument must be a microscope as fo < fe 


(b) Since the final image is formed at infinity, the image produced 
by the objective should lie on the focal plane of the eye piece. 


So, image distance for objective = vy = 25 — 5 = 20 cm 
Now, using lens formula. 











1 1 1 1 1 1 1 1.-4 -1 
Mo EM - = = = = Uo = — 5 ст 
Vo Ug fọ Uo Vo fọ 20 4 20 5 
So, angular magnification = m = -22x2 [Taking D = 25 cm] 
Uo e 
= _ 20 x 25 =20 
-5 5 


For the astronomical telescope in normal adjustment. 
Magnifying power = m = 50, length of the tube = L = 102 cm 
Let fo and f, be the focal length of objective and eye piece respectively. 


= © #50 > f= 50h att) fe 


e 
and, L = fọ + fe = 102 ст  ...(2) 
Putting the value of fọ from equation (1) in (2), we get, 
fo + fe 102 = 51Е = 102 f, = 2 cm = 0.02 т 
So, fo = 100 cm = 1 т А 


Eye piece 





-. Power of the objective lens = 2: 1D 
0 
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13. 


14. 


15. 


16. 


17. 


18. 


For the given astronomical telescope in normal adjustment, 


Ре = 10 ст, Е = 1 т = 100cm 
SO, fo = L — fe = 100 — 10 = 90 ст 
and, magnifying power = b = йн -9 


For the given Galilean telescope, (When the image is formed at infinity) 
fo = 30 cm, L=27 cm 

Since L = fo - |f. | 

[Since, concave eyepiece lens is used in Galilean Telescope] 
>f=fo-L=30-27=3cm 

For the far sighted person, 





- — 20 cm, =- 50 ст 
from lens formula Sol 
v u f 
1 1 1 1 1 3 100 1 
С = = >f= — ст= -m 
f -50 -20 20 50 100 3 3 


So, power of the lens = : = 3 Diopter 


For the near sighted person, 
u = œ and = - 200 ст = – 2m 
E м: T. 1 Tel ee as 
f vu -2 o 2 
So, power of the lens is -0.5D 
The person wears glasses of power —2.5D 
So, the person must be near sighted. 


U 7 о, v= far point, f= = 2. 0.4m =- 40 ст 











Km bcd 
u f 
Ld ba da 1 => V = — 40 ст 
v u f -40 


So, the far point of the person is 40 cm 


On the 50^ birthday, he reads the card at a distance 25cm using a glass of *2.5D. 


Ten years later, his near point must have changed. 
So after ten years, 


- 








и=- 50 ст, {= —— =0.4т = 40 cm v = near point 
2.5D 
1 1 1 1 1 1 1 1 1 
Now, = =—+- = i = 
у u f у u f -50 40 200 


So, near point = v = 200cm 
To read the farewell letter at a distance of 25 cm, 





=- 25 cm 
For lens formula, 
1 1 1 1 1 - 1 1 9 200 2 
=- 5 - - => f= —cm= =m 
v u f f 200 -25 200 25 200 9 9 
— Power of the lens = m - 5 = 4.50 


-. He has to use a lens of power +4.50. 





19.5 


Chapter 19 





19. 


20. 


21. 


22. 


23. 


Since, the retina is 2 cm behind the eye-lens 


v = 2cm 
(а) When the eye-lens is fully relaxed 
U-o, у=2ст = 0.02 т Eye lens 
1. 1 1 1 С Retina 





- = 1 - 500 
f vu 0.02 o 
So, in this condition power of the eye-lens is 50D 
(b) When the eye-lens is most strained, 
и=-25 ст = – 0.25 m, у= +2 ст = +0.02 т Ё-- 20m | 
Зулын Ta ! = 50 +4 = 540 
f vu 0.02 -025 
In this condition power of the eye lens is 54D. 
The child has near point and far point 10 cm and 100 cm respectively. 
Since, the retina is 2 cm behind the eye-lens, v = 2cm 








For near point и = — 10 cm = — 0.1 m, v=2cm=0.02m 
See HE RE rin 

еа У Ч 0.02 -0.1 
For far point, и = – 100 ст = – 1 т, у = 2ст = 0.02 т 


1 1 1 1 1 
' fa у u 0.02 -1 
So, the rage of power of the eye-lens is *60D to +51D 
For the near sighted person, 
v -distance of image from glass 

- distance of image from eye — separation between glass and eye 

= 25 cm - 1cm = 24 ст = 0.24m 
So, for the glass, и = oo and у = — 24 cm =-0.24т 
1 1 1__ 1 1 5 42D 
f vu -024 o 
The person has near point 100 cm. It is needed to read at a distance of 20cm. 
(a) When contact lens is used, 

= —20 cm = - 0.2m, = – 100 cm =-1 т 
So; sa 1.1 : =-1+5=+4D 
f v u -1 -0.2 
(b) When spectacles are used, 
=- (20-2) =- 18 ст = – 0.18m, = — 100 cm =—1 т 
So, Ld Pee 1 = —1 + 5.55 = + 4.50 
f v u -1 -0.18 

The lady uses *1.5D glasses to have normal vision at 25 cm. 
So, with the glasses, her least distance of clear vision = D = 25 cm 





So = 50 + 1= 510 





So, 











Focal length of the glasses 5 cu т = 200 cm 
1.5 1.5 
So, without the glasses her least distance of distinct vision should be more 
If, u = – 25cm, = 10D. 8 
1.5 
Now, жык ү der eue => v = — 40cm = near point without glasses. 


v u f 100 25 100 100 


Focal length of magnifying glass = M m = 0.05m = 5cm-f 
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24. 


(a) The maximum magnifying power with glasses 


m=442 24:29. 26 |: = 25cm] 
f 5 
(b) Without the glasses, D = 40cm 
So, т = (222 = 1449 -9 
f 5 


The lady can not see objects closer than 40 cm from the left eye and 100 cm from the right eye. 
For the left glass lens, 








= – 40 ст, = – 25 ст 
T: hod 1 1 1 1 3 200 

2 = = = = => f= — cm 
f vu -40 -25 25 40 200 3 

For the right glass lens, 

= — 100 ст, =- 25 ст 

111 1 1 1 1 3 100 
- = = = = —— ст 


= = >f 
f у u -100 -25 25 100 100 3 
(а) For an astronomical telescope, the eye piece lens should have smaller focal length. So, she should 


use the right lens (f = 2d cm) as the eye piece lens. 


(b) With relaxed eye, (normal adjustment) 


200 100 
fo= —-cm, f= ——om 
3 3 
magnification = m = fo - (200/3) -2 
f, (100/3) 


o л of 
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Given that, 

Refractive index of flint glass = u = 1.620 

Refractive index of crown glass = ц, = 1.518 

Refracting angle of flint prism = A; 6.0? 

For zero net deviation of mean ray 

(ш— 1)Ағ= (ис – 1) Ac 

=A fe Beaty _ 1.620 -1 
Не 71 1.518 —1 

Given that 

ш = 1.56, p ,7 1.60, and p, = 1.68 

(a) Dispersive power = о = РУ = 109—156 2 

буг 1.60-1 
(b) Angular dispersion = (ну - ША = 0.12 x 6° = 7.2? 
The focal length of a lens is given by 


DERAN 
pr о (6 я 


> (һ- 1) = х = ...(1) 





(6.0)° = 7.2° 








And py —1 = ac (4) 


к K 
ру =. = (Hy -1)-(u —1 . 96 100 . 98*4 _ одов 
т 0-9 K 600 

98 


So, Dispersive power = o = 








Given that, uy — ur = 0.014 

Realdepth _ 2.00 — 4515 л 
Apparent depth 1.30 1.32cm 
So, dispersive power = Уг = 0.014 - 0.027 

uy-1 1515-1 

Given that, н, = 1.61, н, = 1.65, œ = 0.07 and 8, = 4° Object 
Hy Ш 
ну -1 
1.65 - 1.61 

ly 


Again, цу = 











Now, о = 
= 0.07 = 


4 
ЕЕ с y 
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10. 


Given that, 5, = 38.4^, 6, = 38.7° and д, = 39.2? 


ДЭ 
byte _ (eH Data) A A 
у roe у r - бэ -1)А 
Hy -1 (uy —1) 5) аг 


Dispersive power = 





A 

.9,-8, | 39.2 38.4 
5, 38.7 

Two prisms of identical geometrical shape are combined. 


Let A - Angle of the prisms 
пу = 1.52 and w = 1.62, 8, = 1? 
бу = (цу – 1)А – (и, —1)A [since A = А" 
= dy = (w – p'y)A 
5, 1 


>А= = = 10° 
u-u, 162-152 


Total deviation for yellow ray produced by the prism combination is 
5, i &c, — бу + Sey =2 бе — бу z 2(ucy — 1)A - (роу — 1)A' 
Similarly the angular dispersion produced by the combination is 
б, — бг = [(Mve — 1)A – (ни- 1)A' + (two — 1)A] - (ше — 1) A = (ни- 1)A' + (uc — 1) AJ] 
= 2(uvo — 1)A - (ни- 1)A' 
(a) For net angular dispersion to be zero, 
б, — 6 =0 
= 2(це-1)А = (щи – 1)A' N/A 
— A' = 2( Hoy - Hic) - Хи, -Hu) ГА 
A (ни-ни) (My — Hr) 
(b) For net deviation in the yellow ray to be zero, 
dy = 0 
=> 2Hey — 1)A = (us — 1)A' 
A’ _ 2-1 _ Any -1) 
A (ty - 1) (uy —1) 
Given that, uer = 1.515, uov = 1.525 and up = 1.612, цу = 1.632 and A= 5? 
Since, they are similarly directed, the total deviation produced is given by, 
8-78; + б: = (uc – ТА + (ur — 1) А = (uc + - 2)A ^ 
So, angular dispersion of the combination is given by, 
б, — бу = (Mey + цу — 2)А — (Hor + ие — 2)A ЕМА 
= (Hey + иу — Hor — )А = (1.525 + 1.632 - 1.515 — 1.612) 5 = 0.15° 


= 0.0204 














Given that, А’ = 6°, œ' = 0.07, шу = 1.50 
A=? о = 0.08, ну = 1.60 
The combination produces no deviation in the mean ray. 
(a) dy = (цу - 1)А - (иу - 1)A’ = 0 [Prism must be oppositely directed] 
=> (1.60 – 1)A = ((1.50 – 1)A' N 
_ 0.50x6° _ E 
pA eg е V 


(b) When a beam of white light passes through it, 
Net angular dispersion = (uy — 1)оА – (u'y — 1)o'A' 
=> (1.60 – 1)(0.08)(5°) — (1.50— 1)(0.07)(6°) 
=> 0.24? – 0.21? = 0.03? 
(c) If the prisms are similarly directed, 
бу = (цу - А + (шу— ПА A A 
= (1.60 — 1)5° + (1.50 — 1)6° = 3° + 3° = 6° ТААЛАХ 
(d) Similarly, if the prisms are similarly directed, the net angular dispersion is given by, 
dy — 6, = (ру — 1)@A - (u'y — 1) o'A' = 0.24? + 0.21? = 0.45* 
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11. Given that, u'y — р: = 0.014 and w — ш = 0.024 
А’ = 5.3? and A= 3.7? 
(a) When the prisms are oppositely directed, ме 
angular dispersion = (uy — ш)А – (шу — WA’ АС 
= 0.024 x 3.7? — 0.014 х 5.3° = 0.0146° 
(b) When they are similarly directed, 


angular dispersion = (цу — ША + (u'y — WDA’ JAN Ar 


= 0.024 x 3.7? + 0.014 x 5.37 = 0.163? 


ААААФА 
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In the given Fizeau" apparatus, 
О = 12 km = 12 x 103 m 


п = 180 
с= 3 х 10? m/sec 
We know, с = gone 


—0- Жон rad/sec = E 180: deg/sec 
2Dn 2Dn m 
180 x 3x 109 
24 x10? x 180 
In the given Focault experiment, 
R = Distance between fixed and rotating mirror = 16m 
@ = Angular speed = 356 rev/' = 356 x 2х rad/sec 
b = Distance between lens and rotating mirror = бт 
a = Distance between source and lens = 2m 
$ = shift in image = 0.7 ст = 0.7 x 103 m 
So, speed of light is given by, 
_ 4А?оа _ 4x16" x356 x 2nx2 
s(R +b) 0.7 x 10?(16 +6) 
In the given Michelson experiment, 
О = 4.8km = 4.8 x 103 m 


= 1.25 x 107 deg/sec 


= 2.975 x 10? m/s 








N-8 
We know, с = Ром 
T 
8 
>o= Ane rad/sec = BS rev/sec = E _ = 7.8 x 10? rev/sec 
DN 4.8x10? x8 


жо Ж Ж Ж 
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Totalenergy emitted _ 45 
Time © 153 

To get equally intense lines оп the photographic plate, the radiant flux (energy) should be same. 

50, 10W x 12sec = 12W xt 

_ 10W x 12sec 

| 12W 

it can be found out from the graph by the student. 

Luminous flux of a source of given wavelength 
Luminous flux of a source of 555 nm of same power 
Let the radiant flux needed be P watt. 

Lumin ous flux of source 'P' watt 


Radiant Flux = = ЗМ 





>t = 10 sec. 


Relative luminousity = 








Ao, 0.6 = 
685 P 
-. Luminous flux of the source = (685 P)x 0.6 = 120 x 685 
2120- 200W 
0.6 


The luminous flux of the given source of 1W is 450 lumen/watt 
Lumin ous flux of the source of given wavelength 450 
Lumin ous flux of 555 nm source of same power _ 685 
[.. Since, luminous flux of 555nm source of 1W = 685 lumen] 
The radiant flux of 555nm part is 40W and of the 600nm part is 30W 
(a) Total radiant flux = 40W + 30W = 70W 
(b) Luminous flux = (L.Fllux)sssna + (L.FluX)soonm 

=1 x 40x 685 + 0.6 х 30 x 685 = 39730 lumen 

Total luminous flux _ 39730 


= 66% 


г. Relative luminosity = 











(c) Luminous efficiency = - = = 567.6 lumen/W 
Total radiant flux 70 
Geral uminods efoenoy ОУ gus ПУХ. 355089 оаа 
Power input 100 


Radiant flux = 31.4W, Solid angle = 4x 
Luminous efficiency = 60 lumen/W 
So, Luminous flux = 60 x 31.4 lumen 
Lumin ous Flux 60 x 31.4 


And luminous intensity = 1 = 1 = 150 candela 
T T 





628 


| 5 luminous intensity — An = 50 Candela Normal 











r=1m, 0237? Source} 
So; illuminanes; E: 19989. = 50хсов Р a a tix 

r2 12 
Let, | = Luminous intensity of source Arsa 
E, = 900 lumen/m? 
Ев = 400 lumen/m? 
Now, E, = n and Es = n 

x (x +10) 
A B 





во |= ВАХ? = Ев(х +10)? о 
' cos 0 cos 0 
+ X — 10cm— 


> 900х2 = 400(x + 10 = —* = 2 5 3x=2x +20 5 x» 20 ст 


х-10 3 
So, The distance between the source and the original position is 20cm. 
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11. 


12. 
13. 





Given that, E, = 15 lux = oe о 
60 N 
— lo = 15 x (0.6)? = 5.4 candela 
1m 

КЕСЕ. B VR 
So, Ев = 22082 = — 9/2324 lux 

(ОВ) 1 

A 0.8m B 


The illuminance will not change. 

Let the height of the source is ‘h’ and the luminous intensity in the normal direction is lo. 
So, illuminance at the book is given by, 

.locos0 її. loh 


E r2 гЗ (r? пу? 





3 


Ли +h23/2 E. (R2 +h?” x 2) 





For maximum E, Es 20 





(R? « n? 
= (Б? + h?) "PIR? + һ2— ЗҺ2] = 0 
= В°-—-2һ?=0—һ= 2 

hA AAA 
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CHAPTER - 23 





HEAT AND TEMPERATURE 
EXERCISES 
Ice point = 20° (Lo) Ly = 32° 
Steam point = 80° (L400) 
т= bobo „100 = 32-20 400 = 20°С 
лоо — Ко 80 - 20 


P, = 1.500 x 10“ Ра 
Р = 2.050 х 10^ Pa 
We know, For constant volume gas Thermometer 


4 
- P х273.16К= 2080510... 55:16 - 373.31 


Р, 1.500 x 10* 
Pressure Measured at M.P - 2.2 x Pressure at Triple Point 


= P 073.16 = 2.2хР, 


їг tr 
Р,-40х10”Ра, P=? 


x273.16 = 600.952 К = 601 К 

















Т = 100°С = 373 К, = P „273.16 К 
tr 
3 
= pa Teie Q3/3x49x10 , 54600 Pa = 5.42 х 10° pa « 55K Pa 
273.16 273.16 
P, - 70K Pa, P,=? 
T; = 273K, T; = 373K 
3 3 
T= P «27346 > 273= '9*19` «273.16 _, p, 70*273.16х10 
P, Р, 273 
3 
T, = Р2 «273.16 > 373 = Ps x273 - a p, = В 956K Pa 
Р, 70х273.16х10 273 
Pice point = Po: = 80 cm of Hg 
P steam point = P400: 90 cm of Hg 
Ро = 100 cm 
{= Ро „100° = 80—100 100 = 200°C 
Pioo Po 90—100 
fea T; То = 273, 
V-V 
V = 1800 CC, V' = 200 CC 
T = 1800. 273 = 307.125 = 307 
1600 
Ri - 860; Roe = 800; R40o: - 900 
t- Rr=Ro „100 = 80 <00 x100 = 60°С 
В.о -Ro 90-80 


R at ice point (Ro) = 200 

В at steam point (R100) = 27.50 
В at Zinc point (Кж) = 500 

Ry = Ro (1+ a0 + po?) 

=> R100 = Ro + Ro a0 +Ro po? 


= Клоо -Ro _ аб + po? 
Ro 
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10. 


11. 


12. 


13. 


14. 


15. 


27.5 - 20 
SS ЕНДЫ" 
20 


> 2. = 100 a + 10000 р 
20 


=a x 100 + B x 10000 


2 


50-R 
R42 = Во (1+ o0 + p9?) > Е Е 


0 


o + po 


50-20 
20 


2723 =100а+10000 В = 
20 


= 420 a + 176400 p 





= 420 ха + 176400 x p > 


420 a + 176400 B 


юм n|% 


Li =2, Lo = 10 m, а = 1x 10°C, {= 35 

L4 = Lo (1 + at) = 10(1 + 10? x 35) = 10 + 35 х 10 = 10.0035m 
tr=20°C,.. В = 10°C, Lı = dem = 0.01 m, Lz =? 

asteel = 1.1 x AO PCS 


Lo = L4 (1 + озеыАТ) = 0.01(1 + 101 x 10? х 10) = 0.01 + 0.01 x 1.1 x 107 


= 10®х 107° + 1.4 x 10" = 10° (10000 + 1.1) = 100074 

=1.00011 х 10? m = 1.00011 cm 

Lo = 12 ст, a=11 x 1076 

tw = 18°C ts = 48°C 

Lw = (1 + ойм) = 12 (1 + 11 x 10? x 18) = 12.002376 m 

Ls 2 Lo(1 + ots) = 12 (1 + 11 x 10? x 48) = 12.006336 m 

AL = 12.006336 — 12.002376 = 0.00396 т = 0.4cm 

d; =2 ст =2х 10? 

{=0°С, 4510030 

бы = 2.3 x 10° /°С 

d; = di (1 + ол) = 2 x 10? (1 + 2.3 x 10? 10?) 

= 0.02 + 0.000046 = 0.020046 m = 2.0046 cm 

Ls = La at 20°C од = 2.3 x 10°/°C 

So, Log (1 — ast x 20) = Год (1 — a x 20) as = 1.1 x 10°/°С 
Log _ (1-адх20) _ 1-2.3x10°x20 _ 0.99954 


(а) => = = = 
Lou (1-0 x20) 1-14х10:5х20 0.99978 





= 0.999 


Losos _ (1-0дх40) | 1-23x10x20 _ 0.99954 


- 0.999 
Log (1-0 x40) 1-1.1х1075 «20 0.99978 





(b) 2 


_ Lou Ч 1-2.3х1077х10 _ 0.99977 x1.00092 _ 1.0002496 =1.00025 











Los 273 1.00044 
LOiooA| _ (1+ од x100) _ 0.99977 x1.00092 _ 1.00096 
Со ооз. — (180, x100) 1.00011 
(a) Length at 16°C =L 

L=? T, =16°C, Т = 46°C 


а-11х109/”С 
AL = LaA0 =L x 1.1 x 10? x 30 
La.AO 





96 of error = Е 100 ps - | 


(b) T; = 6°С 
LaAO 





96 of error = [100 b - | 


4212 = 1.1 x 10? x 30 x 100% = 0.033% 


гор =- 1.1 х 10° х 10 х 100 = – 0.011% 
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16. 


17. 


18. 


19. 


20. 


T; = 20°С, AL = 0.055mm = 0.55 x 10? т 
t=? as 11x 10 №С 

We know, 

AL = Loa AT 


In our case, 
0.055 x 10? = 4 x 1.11 10? x (T, *T;) 
0.055 = 11 x 10? x 20 + 11 x 10? x T; 








Т = 20 + 5 = 25°С or 20 — 5 = 15°C 
The expt. Can be performed from 15 to 25°С 
о:с=0.098 g/m’, ес = 1 g/m? 
foo = 2186 = 0.998 = 1 Sepe То 
1+ yAT 1-үх4 0.998 
1 -4 
>4+у= —-1 = ү = 0.0005 = 5 х 10 
0.998 
As density decreases y = —5 х 10“ 
Iron rod Aluminium rod 
[ке LA 
Ore = 12 x 107% ^C ад = 23 x 10? ^C 
Since the difference in length is independent of temp. Hence the different always remains constant. 
L're = Lre(1 + are X AT) -40) 
ША = LA(1 + OA X AT) ...(2) 


Нее — Мл = Lee — Lai + Lfe X ове X AT — La X ба Х AT 
Lee 2 OA _ 23 














- =23:12 
БА OFe 12 
91 = 9.8 mis’, g2 = 9.788 m/s? 
| | JOH AT 
T, - 2:3. T, - 222 = 2, АП) 
91 92 g 
asteel = 12 x 10° /°С 
T; = 20°C T=? 
T4 - T2 
| Ja AT 
FT 1(1+ AT) у! a RAT) 
94 92 94 92 
-6 
1 - 1812x107 x AT E m 
9.8 9.788 9.8 
> 2488 4-42 x 109 AT > АТ = Е 
9.8 12х10- 
> T, - 20 = - 101.6 = Т, = — 101.6 + 20 = – 81.6 = 82°C 
Given 
da; = 2.005 ст, ад = 2.000 cm 
аз = 11 х 109 ^C ад! = 23 x 10? /°С Steel 


d's = 2.005 (1+ a, AT) (where AT is change in temp.) 


=> d's = 2.005 + 2.005 x 11 x 10? AT Aluminium 


d'a = 2(1* од AT) = 2 + 2x 28 x 10° AT 

The two will slip i.e the steel ball with fall when both the 
diameters become equal. 

So, 

= 2.005 + 2.005 x 11 x 10° AT = 2 + 2x 23 x 10? AT 

= (46 — 22.055)10? x AT = 0.005 

_ 0.005 x 109 


=> AT = —.——_— = 208.81 
23.945 
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21. 


22. 


23. 


24. 


25. 


Now AT = T; -T, = Т -10?C [.. T; = 10°C given] 
>T; = AT + T, = 208.81 + 10 = 281.81 
The final length of aluminium should be equal to final length of glass. 
Let the initial length o faluminium = | 
(1 — a4AT) = 20(1 – a40) 
=> (1-24 x 10? x 40) = 20 (1-9 x 10° x 40) 
=> I(1 — 0.00096) = 20 (1 – 0.00036) 
_ 20x0.99964 
~ 0.99904 
Let initial breadth of aluminium = b 
b(1 — ag AT) = 30(1 — a40) 
_ 30х(1-9х108 x40) | 30х0.99964 


= 20.012 cm 





b Е = 30.018 ст 
(1—24 x 10 x 40) 0.99904 

Vg = 1000 CC, T, = 20°С 

Мне =? уно = 1.8 x 107 ^C 


у= 9x 10? PC 
AT remains constant 
Volume of remaining space = V’, — У" 


Now 
М' = (1 + ygAT) ...(1) 
Vig = Vug(1 + унАТ) ...(2) 


Subtracting (2) from (1) 
V'g ИВ V'ug = Vg = Мн + VgygAT = Vig YHoAT 
Vg _ Үш _ 1000 _ 1.8х10* 
> = 





> = 6 
Vig Yg Vig 9x107 
-3 
= Vig = 910 = 500 CC. 
1.8x10^ 


Volume of water = 500cm? 

Area of cross section of can - 125 m? 

Final Volume of water 

= 500(1 + yA0) = 500[1 + 3.2 x 10“ x (80 — 10)] = 511.2 cm? 

The aluminium vessel expands in its length only so area expansion of base cab be neglected. 
Increase in volume of water = 11.2 cm? 

Considering a cylinder of volume = 11.2 cm? 

Height of water increased - T = 0.089 cm 


Vo 10 x 10x 10 = 1000 CC 


AT = 10°C, V'ug — V', = 1.6 ст? 
ag = 6.5 x 10 C; уно = ?, = 3 x 6.5 x 10 ^C 
V'hg = Унв(1 + YHgAT) (1) 


Vig = v1 + АТ) ...(2) 
V'ug = М» = Vig Va + Муно AT – Маз АТ 
=> 1.6 = 1000 х yg 10 – 1000 x 6.5 x 3 x 10? x 10 


-2 
= 16+6.3x3x10 4700 x 10% x 1.8 TU PC 





төт 10000 
f, = 880 Kg/m?, fo = 900 Kg/m? 
Т, = 0°С, Yo = 1.2 x 10° PC. 


уь = 1.5 x 10? ^C 
The sphere begins t sink when, 
(m9)spnere = displaced water 
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26. 


2T. 


28. 


29. 


30. 


2 Vf'.g- Vf'»g 








- fis m fo 
1-y4,A0 1+y,A0 
880 900 
=> -3 = -3 
1+1.2х107* Л 1-1.5х10-"А0 





=> 880 + 880 x 1.5 x 107° (ЛӨ) = 900 + 900 x 1.2 х 10? (ЛӨ) 

= (880 x 1.5 x 10? — 900 х 1.2 x 107°) (^0) = 20 

=> (1320 — 1080) x 107 (ЛӨ) = 20 

=> ЛӨ = 83.3°С = 83°C 

AL = 100°С 

A longitudinal strain develops if and only if, there is an opposition to the expansion. 


Since there is no opposition in this case, hence the longitudinal stain here = Zero. 


Ө; = 20°C, 0; = 50°С 
asteel = 1.2 x 10” /°C 
Longitudinal stain = ? 


=1.2 x 10? x (50 – 20) = 3.6 x 10“ 
A = 0.5mm? = 0.5 x 10° т? 
Т = 20°C, T3 = 0°C 





as = 1.2 x 10% PC. Y=2x 2 x10" N/m? 
Decrease in length due to compression = | «АӨ ...(1) 
үлэ! эв 8: Cape DE ...(2) 

Strain A AL AY 


Tension is developed due to (1) & (2) 
Equating them, 


Гаде = FE = Е = aA0AY 
AY 
21.2x 10° x (20—0)x 0.5 х 10?2 x 102 24N 


04 = 20°С, 05 = 100°С 
А = 2тт? = 2 х 10-6 т? 
шее = 12 x 10° ЁС: Yeteet = 2 x 107 N/m? 


Force exerted on the clamps = ? 








F 
(s) merge ЖА = AAA 
Strain L L 
=2 x10" x 2x 10° x 12 x 10° x 80 = 384N 
Let the final length of the system at system of temp. 0°C = % 
Initial length of the system = 2 
When temp. changes by 0. 


= YAaAO 


Strain of the system = /, -3 
-0 
total stress of system 


total young's modulusof of system 





But the total strain of the system = 


Now, total stress = Stress due to two steel rod + Stress due to Aluminium 
-y,0,0 + y, ds 0 + y4 at0 = 2% a, 0 + y2 ALO 
Now young" modulus of system = y, + ys + ya = 2ys + ya 


“иртэй! 


u=0 4— 1m— 
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31. 


32. 


33. 


34. 


-. Strain of system = rete T Ye guo 














Ys * Ya 
= £g — Ёо 2 275059 + Ү;0.0 
бо 275+ Ya 
=> ВЕБ = Catal I 
Ya + 2Ys 


The ball tries to expand its volume. But it is kept in the same volume. So it is kept at a constant volume. 
So the stress arises 


may TBS P= ВАУ =B 0 


С 

V 

= B x 3040 = 1.6 x 10 х 105 x 3x 12 x 10 x (120 — 20) = 57.6 x 197 ~ 5.8 x 10° pa. 
Given 

Io = Moment of Inertia at 0°C 

о = Coefficient of linear expansion 

To prove, I = Ip = (1 + 2a0) 

Let the temp. change to 0 from 0°C 


AT=0 
Let ‘R’ be the radius of Gyration, 
Now, В’ = В (1 + a), Ip = MR? where M is the mass. 


Now, I' = МВ” = MR? (1 + a0)? == MR (1 + 200) 

[By binomial expansion or neglecting o? 0? which given a very small value.] 
So, I= Ip (1 + 200) (proved) 

Let the initial m.I. at 0°C be Io 


шэн 
К 


Т= (1 + 2040) (from above question) 
AtS°C, Т=2л {02940 "T [oras = әк 03100) 








K K K 
At45°C, Thx oq io 62045) „>. loll + 900) 
\ K K 











T, _ |1+909 | |1«90x24x10? [1.00216 

Т, 14100  \1+10х2.4х10-5 \1.00024 

% change = |12 -1) лос = 0.0959% = 9.6 x 10 °% 
1 

T; = 20°C, T; = 50°С, АТ = 30°С 

a = 1.2 x 10° ^C 

о remains constant 





, 





V V 

(o7 = (I o» — 

Now, В’ = В(1 + a40) = В + Вх 1.2 x 10? x 30 = 1.00036R 

From (1) and (11) 

уу! v 

В Е 1.000368 

—V' = 1.00036 V 

o = (1.00036V - V) 
V 





90 chang x 100 = 0.00036 x 100 = 3.6 х 10? 


o o HN 
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CHAPTER 24 
KINETIC THEORY OF GASES 


Volume of 1 mole of gas 
RT _ 0.082х 273 














РУ = пВТ = \ = 5 = 22.38 = 22.4 L = 22.4 x 10?-224 х 10? m? 
nM. 1x1x102 U 10-3 NW 
RT 0.082х273 224 22400 
No of molecules = 6.023 x 102 x 1 = 2,688 x 109 
22400 
V = 1 ст?, 15506, P = 10? mm of Hg 
-6 
и = PV 2 fghxV _ 1.36x980x10% x1 _ 5 874 үрээ 
ВТ RT 8.31x 273 


No. of moluclues = No x n = 6.023 x 10? x 5.874 x 1077-3538 x 10" 
РУ _ 1х1х1077 - 1075 
RT 0.082х273 224 


-3 
mass = 40 x32) 124.428 x 10? g = 1.428 mg 
22.4 


n= 





Since mass is same 





П = П = П 
nR x 300 nR x 600 
P, = —_—_, P2 = ———— 
Vo 2У, 2Vo Vo 
Р, E nRx300. 2Vo - 1 ud 600 K 300 K 
Р, Vo nRx600 1 | 


V = 250 сс = 250 x 10? 
P = 10? mm = 10? x 10? m = 107° x 13600 x 10 pascal = 136 x 10 ? pascal 
Т = 27°С = 300 К 





-3 
n= PV _ 136х103 x250 „3 _ 136x250 44-6 
RT 8.3 x 300 8.3 x 300 
No. of molecules = 136% 250 „10-6 „61023 = 81 x 10" = 0.8 x 107? 
8.3 x 300 
P4 = 8.0 x 10° P, Р,-1х410 Р, T4 = 300 К, T=? 


Since, V4 = М> = V 





5 6 6 
PM, _ PaVa _ 8x10? У _ 1х109хМ _ q, = 1x10° x300 os K 
T, Tə 300 T 8x10? 
m=2g, V=0.02 т? = 0.02 x 10? сс = 0.02 x 10? L, T = 300 К, Р=? 


M-2g, 
m 2 
Р\ =пКТ > РУ = м = Рх 20 = ee eee 


Р = d = 1.23 atm = 1.23 x 10? ра = 1.23 x 10? pa 
sc ORE dH RI ORT 





V M V M 
f 1.25 х 10? g/cm? 
R 8.31 х 107 ert/deg/mole 





Тэ 273 К 
-3 7 
zaras ТЕТ _ 1.25x10 7 x8.31x10' x273 - 0.002796 x 10^ 28 g/mol 
P 13.6x980 x 76 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


T at Simla = 15°C = 15 + 273 = 288 К 

P at Simla = 72 ст = 72 x 102 x 13600 x 9.8 

T at Кака = 35°C = 35 + 273 = 308 К 

P at Kalka = 76 ст = 76 х 10 x 13600 x 9.8 

PV = nRT 

= РУ= вт > РМ = PRT > f= M 
M V RT 

fSimla _ Psima ХМ „_ВТкака 


fKalka RTsima Palka ХМ 
= 72 x107? x13600 x 9.8 x 308 _ 72x308 











2 = = 1.013 
288 x 76х10“ x13600 х9.8 76х 288 
а 0987 
fSimla 1.013 
n4-no-n 


: 22 22 


P, .OnRT. ЗУ 


P, V nRT 


r.m.s velocity of hydrogen molecules = ? 
Т = 300 К, R = 8.3, М=29=2х 10° Kg 


C= ЕЕ >C= шинээр = 1932. 6 m/s «1930 m/s 
M 2x107 


Let the temp. at which the C = 2 x 1932.6 is T' 


2х 19326 = |2837 — (2 х 1932.6} = 9X83xT 
2x107 2x107 


(2х1932.6)? x 2x10? 
— 


=3:1 Pr 








eT: 
3x8.3 
— T' = 1199.98 = 1200 К. 
Vms = T P - 10? Pa = 1 atm, 


5 -3 
- RL = 1301.8 = 1302 m/s. 
\ 177х10- 


Agv. K.E. = 3/2 KT 
3/2 KT = 0.04 x 1.6 x 10? 
= (3/2) x 1.38 x 10 ? x T = 0.04 x 1.6 x 10? 
q = 2x004x1.6x1077 
3x 1.38 x 10°28 


Еу [ooo 
Vavg = - 




















лм \3.14х0.032 
то Distance _ 6400000x2 _ 445.25 m/s 
Speed 445.25 
= 28747.83 km =7.985 = 8 hrs. 
3600 
M=4x 107 Kg 
Vavg = E 1 | КЕБЕ x 1201.35 
nM 3.14 x 4x107 


= 0.0309178 x 10* = 309.178 = 310 K 


Momentum = M x Vayg = 6.64 x 10 7" x 1201.35 = 7.97 x 107^ = 8 x 1077 Kg-m/s. 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


8RT | 8x8.3x300 








Vavg = = 
nM 3.14 x 0.032 
Now, 8RT, = ВЕТ; Tis 1 
пх2 пх4 T, 2 


Mean speed of the molecule = (28 
T 


Escape velocity = ,/2gr 
8RT 8RT 
— = 429г > — = 2gr 
nM 3 1M 3 


-3 
sia 29глМ z 2 x 9.8 x 6400000 x 3.14x2 x10 = 11863.9 = 11800 m/s. 
8R 8x8.3 


Мама = 8RT 

| лм 
VavgH2 A “Ба - (28 а S394 
ММ  \Мпх2 V 8RT 2 


avg 
The left side of the container has a gas, let having molecular wt. M4 

Right part has Mol. wt = M2 

Temperature of both left and right chambers are equal as the separating wall is diathermic 


SRT _ |8RT = 3RT | 8RT SN M, 23 = М, _ Зл =1.1775=1.18 
М, nM; M, nM; nM; 8 М, 8 


ines ү 2 | 8x8.3x273 iudi OE 





























лМ 3.14 x 2x10? 
Total Dist = 1698.96 m 
No. of Collisions = шинэ = 1.23 x 10" 

1.38 x107 
P = 1 atm = 10? Pascal 
T - 300 K, M=2g=2x10°Kg 
(а) Ум = [E = | ысыта = 1781.004 = 1780 m/s 
nM 3.14x2x107 


(b) When the molecules strike at an angle 45°, 


Force exerted = mV Cos 45° – (-mV Cos 45°) = 2 mV Cos 45° = 2 mV Rm У2 mV 


42 


Force 2 Pressure 
J2mv x Area J2mv 





No. of molecules striking per unit area = 














5 
= 10 4 5 2 x10?! = 1.19 x 10? x 10°" = 1.19 x 1028 = 1.2 x 1028 
У2х2х10:2х1780  42x1780 
6x 10?3 
Р.М, a Р,У, 
Т, T, 
P, — 200 KPa = 2 x 10? ра P=? 
Т, = 20°C = 293 K T, = 40°C = 313 K 
waite 102 x V, 
100 
5 7 
= 2x10 xV, = В x102x V. p,» 2x10 X313 509462 Pa = 209.462 KPa 
293 100 x 313 102 х 293 
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24. 


25. 


26. 


2T. 


28. 














V1 =1 x 10? т?, Р; = 1.5 x 10? Pa, Т; = 400 К 
Pav, = па РТ. 

PV, | 15x10? х1х10-3 1.5 
П = = П = 

RT; 8.3 x 400 83x4 
ара ees 15 132 -14457 = 1.446 

8.3x4 8.3x4 
Р, = 1 x 10? Pa, V2 = 1 x10 nt, Т, = 300 K 
Р,М, = n;R?T2 

5 -3 

“эрс Pave: а HOP OR: 1 i 


R,T, 833x300 3x83 
=> m; = 0.04 x 32 = 1.285 

Am = m, — m; 71.446 — 1.285 = 0.1608 g = 0.16 g 
Р; = 10°+ fgh = 10° + 1000 x 10 x 3.3 = 1.33 x 10? pa 











P; = 10°, Т{=Т›=Т, V= Зар x 107) 
V2= Ir r=? 
3 
Р,М, = PV, 
T, T5 
8.4 -343 8.4 2 
1.33x10? x— x nx(2x10 7) 10? x—xar 
_5 3 x 3 
T; T 
= 1.33 x 8 10° х 10? = 105 х r° эгж 910.64 х10-3 = 2.19 x 103 = 2.2 mm 
P, 22atm = 2 x 10? pa 
V4 = 0.002 т?, Т; = 300K 
P4V4 = nRT; 
5 
ofp РМ Р ЛОО у н За 
ВТ, 8.3 x 300 8.3x3 
P; = 1 atm = 10? pa 
№, = 0.0005 mê, Tə = 300 К 
P2V> = п? ВТ? 
5 
M PV, _ 109х00005 5 .1 үер 
RT, 8.3 x 300 3x83 10 
An = moles leaked out = 0.16 — 0.02 = 0.14 
m = 0.0409, T = 100°C, Мн. 74g 
= Злые З. "вт тэ? 
2 2 M 


Given x xRT +12 арт 
2 M 2 M 





=> 1.5 x 0.01 x 8.3 x 373 + 12 = 1.5 x 0.01 x 8.3 x T" 
58.4385 
=Т= —— 
0.1245 
PV? = constant 
> P4V,? = PV" 
nRT} 


= 469.3855 K = 196.3°С = 196°C 


x V ze 


> Т, Ма = Т М = ТУ = Т, х 2\ Т, = 


| Уч 
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30. 


31. 


32. 





Bass (0.05 + 0.1)х8.3х300 _ 2250 N/m? 
0.166 

P, = Atmospheric pressure = 75 x fg 
V,=100xA 
Р, = Atmospheric pressure + Mercury pessue = 75fg + hgfg (if h = height of mercury) 
V2=(100—h)A 
P4V4 = Р.У, 
=> 75fg(100A) = (75 + h)fg(100 — h)A 
=> 75 x 100 = (74 + h) (100 —h) 2 7500 = 7500 — 75 h + 100 h- h? 
> ћ 251 =0 = № = 25 һ 5 һ = 25 ст 
Height of mercury that can be poured = 25 ст 
Now, Let the final pressure; Volume & Temp be 
After connection = P4' > Partial pressure of A 

Рв’ > Partial pressure of B 


PA x2V _ PaxV 


T TA li 


Р, Р, 





Now 

















Or assum CAS ...(1) 
T 2Т, Рд:ТА Рв : Тв 
i V V 
Similarly, СЕ = Pe ...(2) 
T. 276 
Adding (1) & (2) 
PA Pa Рд LPS _ 1(Pa P 
T T COE Ore Р Ta 
= P = 1 РА |“. РА’+Рь’=Р] 
T 2\Т„ Te 
V = 50 сс = 50 x 10? ст? 
P = 100 KPa = 10? Pa М =28.8g 
(a) PV = пгт, 
5 -6 = 
РМ = вт, >m= PMV _ 10?x28.8x50x10? _ 50x28.8x10 = 0.0635 g. 
M RT, 8.3x 273 8.3x 273 
(b) When the vessel is kept on boiling water 
5 -6 -1 
РУ- МАТ, >m= PVM _ 10°х28.8х50х10° _ 50x28.8x10 ^ 00465 
M RT; 8.3x373 8.3x 373 
(c) When the vessel is closed 
Рх50х107- — x 8.3x 273 


p= 0.0465 x 8.3 x 273 


55118 = 0.07316 х 10° Ра = 73 КРа 
8х50х 
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33. 


34. 


35. 


36. 


Case | — Net pressure on air in volume V 

= Раш — hfg = 75 х јн – 10 frg = 65 х fug х 9 

Case И — Net pressure on air in volume ‘V’ = Pam + fug * g x h 
P4V4 = P2V2 

=> fng X g X 65 x A x 20 = ј хох 75 + fug% gx10xAxh 
_ 65x20 
7 85 





= 62 х 20 =85 п >В = 15.2 ст = 15 ст 





2L + 10 = 100 = 2L = 90 = L = 45 ст 
Applying combined gas eqn to part 1 of the tube 
(45АР, _ (45- X)P, 





300 273 ——L— — | — 
z p, = 273%45хРу Ci ^7 
300(45 - x) 27°С Po 410, Р opc 


Applying combined gas eqn to part 2 of the tube 
45АР, _ (45 + х)АР, 
300 400 
_ 400х45хР, 
^. 800(45 + x) 





-9 2 


Р,-Р, 

273х45хР, | 400х45»хР, 

300(45-х) 300(45 + x) 
=> (45 – x) 400 = (45 + x) 273 = 18000 – 400 x = 12285 + 273 x 
=> (400 + 273)x = 18000 - 12285 =>x=8.49 
p, = 273x48*18 _ 85 % 25 cm of Hg 

300 x 36.51 

Length of air column on the cooler side = L — x = 45 — 8.49 = 36.51 
Case | Atmospheric pressure + pressure due to mercury column 
Case Il Atmospheric pressure + Component of the pressure due 
to mercury column 
Р.М; = PV; 
=> (76 x fhg X g + fng X g x 20) x A x 43 
= (76 x fig X g + fhg хо х 20 x Cos 60°) A х? 
= 96 x 43 = 86 x { 
_ 96x43 














>t = 48 ст 

86 
The middle wall is weakly conducting. Thus after a long 
time the temperature of both the parts will equalise. 20ст_„ „00 ч Хэ» «30-х 
The final position of the separating wall be at distance х 400к И\100к ; f 
from the left end. So it is at a distance 30 — x from the right БЯ Р ша й TP' 
end " 


Putting combined gas equation of one side of the separating wall, 
Р,хМ,  Р,хМ, 
Рх20А  P'xA 
2-3 - 
400 T 
Px10A _ -P'(30-x 
= ( ) ...(2) 
100 T 
Equating (1) and (2) 
Ти X 
> — = 
2 30-x 
The separator will be at a distance 10 cm from left end. 





NU 








=> 30 – х = 2х > Зх = 30 > x = 10 ст 
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37. oy =г ау = гаі 
at 


Let the pumped out gas pressure dp 
Volume of container = Vy At a pump dv amount of gas has been pumped out. 
Pdv = -Vodf = Py df = —\/ dp 

P 





t 
> (2 == Ни = РЕ Ре" 
PP 9 "0 
Half of the gas has been pump out, Pressure will be half = seu 
=>Ing= 1. = t= In? Yo. 
0 
38. P= lo 5 
DES 
Vo 
> NRT = Fo [PV = nRT according to ideal gas equation] 
V V 2 
1+ | — 
Vo 
> RT Pu [Since n = 1 mole] 
V V 2 
1+ =—= 
Vo 
EE us _ Po | [At V = Vo] 


Vo V 2 
1+| — 
Vo 





= PoVo = RT(1 +1) > PoVo -2RT— T= pn 
39. Internal energy = nRT 

Now, Р\ = nRT 

nT = = Here P & V constant 


=> nT is constant 
-. Internal energy = R x Constant = Constant 
40. Frictional force = uN 
Let the cork moves to a distance = dl 
-. Work done by frictional force = иМае 
Before that the work will not start that means volume remains constant 
> Ej oie RUE Бо = Р, = 2 atm 
Т, Т, 300 600 
-. Extra Pressure = 2 atm — 1 atm = 1 atm 
Work done by cork = 1 atm (Adl) рма! = [1atm][Adl] 


1x10? х(5х10-2)?  1x10?xnx25x10^ 











М = 
2 2 
Total circumference of work = 2лг aN = a 
dl 2nr 
5 -5 5 -5 
= 1x10? x mx 25x10 2 1x10" x25x10 = 4.25 x 10° N/M 
0.2x2nr 0.2x2x 5x10? 
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41. 


42. 


43. 


44. 


Ви m 20 2 2Po A Po 
> Fo c -эР -2Р, 
T 2 


Net pressure = Р, outwards 
-. Tension in wire = Po A 
Where A is area of tube. 


(a) 2Pox = (h2 + ho)fg [.. Since liquid at the same level have same pressure] 
=> 2P, = h2 fg + ho fg 
= hz fg = 2Po - ho fg ^ 


_ 28, hofg _ 2% 


В? = h h 
fs fs fg ’ | "oh 
(b) K.E. of the water - Pressure energy of the water at that layer 


> 1 mv?= шэг 
2 Ї 


€ s | 2 | 
f | ГР, + fa(h, —ho) 








2 1/2 
ХР, + foh, EX 
(c) (x + Po) fh = 2Po 
7 2Po + fg (h —ho)= Po + јох 
MANI ha +h, 
fg+h,—ho 
-. Le. x is hy meter below the top > x is —h, above the top 
A = 100 cm? = 10° m 
m 51 kg, P = 100 K Pa = 10° Pa 
{ = 20 ст 
Case | = External pressure exists 
Case 1! = Internal Pressure does not exist 
Р.М, = РУ 
SM 21x98 | 
1078 1078 
= (10° + 9.8 x 103)А х {= 9.8 х 103 x Axt 
=> 10° х 2 x 10 '+2х9.8х 107 = 9.8 x 10? xr 
2x10^ +19.6 x10? 


= {= = 2.24081 т 
9.8 x 10? 





== 








> [10° + Vv! 





Р.М, = PV; 
> (78 cp, м Ро At 
A 
| 1х9.8 
10x10~4 
=> (9.8 x 10° + 10°)x 0.2 = 10° {' 
= 109.8 x 10° x 0.2 = 10°{' 
_ 109.8x0.2 
102 


мо? ра = 10° Р 


>t = 0.2196 = 0.22 т = 22 ст 





24.8 


Kinetic Theory of Gases 





45. 


46. 


4T. 


48. 


49. RH 


50. 


51. 


52. 


53. 








When the bulbs are maintained at two different temperatures. V V 
The total heat gained by 'B' is the heat lost by 'A' 
Let the final temp be x So, m, SAt = mz SAt 
—nMxs(x-0)2nmMxSx(62-x) => пух = 62п> — N2 X 
> х= “620, . 62n; = 31°С = 304 К 
n,*n5 2n, 
For a single ball Initial Temp = 0°С P = 76 cm of Hg 
Биг - wae) М. = V2 Hence п; = n2 
TORV ы ro РЕГЕ ES TR eG 
273 304 273 
Temp is 20? Relative humidity = 10096 


So the air is saturated at 20°С 
Dew point is the temperature at which SVP is equal to present vapour pressure 
So 20°С is the dew point. 


Т = 25°С Р = 104 КРа 
Н= E [SVP = 3.2 KPa, RH = 0.6] 
SVP 


VP = 0.6 x 3.2 x 10° = 1.92 x 10° = 2 x 10? 

When vapours are removed VP reduces to zero 

Net pressure inside the room now = 104 x 10? — 2 x 10? = 102 x 10? = 102 KPa 

Temp = 20°С Dew point = 10°С 

The place is saturated at 10°С 

Even if the temp drop dew point remains unaffected. 

The air has V.P. which is the saturation VP at 10°С. It (SVP) does not change on temp. 
_ VP 

© SVP 

The point where the vapour starts condensing, VP - SVP 

We know Р.М, 5Р:У, 

Ry SVP x 10 = SVP х V2 = V2=10Ry = 10 x 0.4 = 4 cm? 

Atm-Pressure = 76 cm of Hg 

When water is introduced the water vapour exerts some pressure which counter acts the atm pressure. 
The pressure drops to 75.4 cm 

Pressure of Vapour = (76 — 75.4) cm = 0.6 cm 


From fig. 24.6, we draw 1r, from Y axis to meet the graphs. 

Hence we find the temp. to be approximately 65°С & 45°С 

The temp. of body is 98°F = 37°C 

At 37*C from the graph SVP - Just less than 50 mm 

B.P. is the temp. when atmospheric pressure equals the atmospheric pressure. 
Thus min. pressure to prevent boiling is 50 mm of Hg. 

Given 

SVP at the dew point = 8.9 mm SVP at room temp = 17.5 mm 
Dew point = 10°С as at this temp. the condensation starts 

Room temp = 20°С 

SVP at dew point _ 8.9 


ВН = = 
SVP at room temp 17.5 


= 0.508 = 51% 
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54. 


55. 


56. 


57. 


58. 


59. БН 


50 cm? of saturated vapour is cooled 30° to 20°. The absolute humidity of saturated H2O vapour 30 g/m? 
Absolute humidity is the mass of water vapour present in a given volume at 30*C, it contains 30 g/m? 


at 50 m? it contains 30 x 50 = 1500 g 
at 20°C it contains 16 x 50 = 800g 
Water condense = 1500 — 800 = 700 g. 
Pressure is minimum when the vapour present inside are at saturation vapour pressure 
As this is the max. pressure which the vapours can exert. | | 
Hence the normal level of mercury drops down by 0.80 cm 
2. The height of the Hg column = 76 — 0.80 cm = 75.2 cm of Hg. 

[^ Given SVP at atmospheric temp = 0.80 cm of Hg] 
Pressure inside the tube = Atmospheric Pressure = 99.4 KPa 
Pressure exerted by О» vapour = Atmospheric pressure — V.P. 

= 99.4 KPa - 3.4 KPa = 96 KPa 

No of moles of O2 =n 
96 x 10° x50 x 10° =n x 8.3 x 300 
_ 96х50х10-3 
|. 8.3x300 
Let the barometer has a length = x 
Height of air above the mercury column = (x — 74 — 1) = (x – 73) 
Pressure of air = 76 — 74 — 1 = 1 cm 
For 2" case height of air above = (x — 72.1 — 1 — 1) = (x - 71.1) 
Pressure of air = (74 — 72.1 — 1) = 0.99 


= п = 1.9277 x 10 = 1.93 х 107 


(-73(1) = = (x7 71.1) > 10(x – 73) = 9 (x - 71.1) 


> х= 10 x 73 -— 9х 71.1 = 730 – 639.9 = 90.1 

Height of air = 90.1 

Height of barometer tube above the mercury column = 90.1 + 1 = 91.1 mm 
Relative humidity = 4096 

SVP - 4.6 mm of Hg 


0.4 = УР => VP = 0.4 x 46 = 1.84 

4.6 
D cow ы КЁ Бр: ара Nae ae 
T T, 273 293 273 


Relative humidity at 20°C 
VP _ 1.84x293 
SVP 273x10 


= 0.109 = 10.9% 





„УР 

SVP 
Given, 0.50 5 МЕ 
3600 


— VP = 3600 x 0.5 
Let the Extra pressure needed be P 
m RT m „ 8.3 x 300 


So,P- x = 
м V 18 1 





Now, E 8.3 x 300 + 3600 x 0.50 = 3600 [air is saturated i.e. RH = 100% = 1 or VP = SVP] 





GI 
т = 


6 = 13 
8.3 E 3 
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60. T = 300 К, Rel. humidity = 20%, \ = 50 т? 
SVP at 300 К = 3.3 KPa, V.P. = Relative humidity x SVP = 0.2 x 3.3 x 10? 


PV = RT = 0.2 x 3.3 x 10° 50 = 1583x300 


Чэ 0.2x3.3x 50x18 x10? 





= 238.55 grams = 238 g 


8.3 x 300 
Mass of water present in the room = 238 g. 
61. ВН = AE => 0.20 = УР 5 УР=0.2 x 3.3 x 10° = 660 
SVP 3.3x10 





Duran Sp RI с т „ЕГ 5500. 893900: 2 52. 
V M V 18 50 
_ 2034.3 


Net P = 1383.3 + 660 = 2043.3 Now, RH = 0.619 = 62% 





20-МР оде P 5 \Ур=0.4х 1.6 х 10 
SVP at 15°С 1.6x10? 
The evaporation occurs as along as the atmosphere does not become saturated. 


Net pressure change = 1.6 x 10° — 0.4 x 1.6 x 10? = (1.6 — 0.4 x 1.6)10? = 0.96 x 10? 


62. (a) Rel. humidity - 


Net mass of water evaporated = m = 0.96 х 10° x 50 = > 8.3 x 288 


3 
E 0.96 x50x18x10 = 361.45 = 361 g 
8.3 x 288 
(b) At 20°C SVP = 2.4 KPa, At 15°C SVP = 1.6 KPa 


Net pressure charge = (2.4 — 1.6) x 10° Pa = 0.8 x 10° Pa 





Mass of water evaporated = т’ = 0.8 х 10° 50 = TS x 8.3 x 293 


_ 0.8х50х18х103 
8.3х293 


, 


>m 





= 296.06 = 296 grams 


o o HN 





24.11 


CHAPTER - 25 


CALORIMETRY 
Mass of aluminium = 0.5kg, Mass of water = 0.2 kg 
Mass of гоп = 0.2 kg Temp. of aluminium and water = 20°С = 297°К 
Sp heat o f Iron = 100°С = 373°К. Sp heat of aluminium = 910J/kg-k 
Sp heat of Iron = 470J/kg-k Sp heat of water = 4200J/kg-k 
Heat again = 0.5 x 910(T — 293) + 0.2 x 4200 x (343 -T) 
= (T — 292) (0.5 x 910 + 0.2 x 4200) Heat lost = 0.2 x 470 x (373 – T) 


-. Heat gain = Heat lost 
=> (T — 292) (0.5 x 910 + 0.2 x 4200) = 0.2 x 470 x (373 — T) 
=> (T — 293) (455 + 8400) = 49(373 - T) 














=> (Т — 293) 2299 lus (373 - T) 
94 
=> (T-293)x 142 373- T 
=Т= Е 298 k 
15 
7 T = 298 - 273 = 25°С. The final temp = 25°С. 
mass of гоп = 100g water Eq of caloriemeter - 10g 
mass of water = 240g Let the Temp. of surface = 0°С 
Siron = 470J/kg°C Total heat gained = Total heat lost. 
So, 100 470 x(0 — 60) = 290 4200 x (60-20) 
1000 1000 

э470-47х60-25х42х40 
=> 0 = 4200 + 2820: s ce = 953.61°С 

47 47 
The temp. of A = 12°С The temp. of B = 19°С 
The temp. of C = 28°С The temp of > A +В = 16? 


The temp. of > В + С = 23? 
In accordance with the principle of caloriemetry when A & B are mixed 


Mca (16 — 12) = Mcp (19 – 16) = CA4 = СВЗ => СА = = cB ...(1) 
And when В & C are mixed 
Mcp (23 – 19)= Mec (28 - 23) = 4CB = 5CC > CC = = СВ ...(2) 


When A & c are mixed, if T is the common temperature of mixture 
Mca (T — 12) = Mcc (28 - T) 
= Н CB(T - 12)= (=) CB(28 - T) 
4 5 
=> 15T - 180 = 448 – 16T 
_ 628 . 


= — =20.258°С = 20.3°C 
31 


o 8 che 
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11. 


12. 


13. 
14. 


15. 


CHAPTER 26 
LAWS OF THERMODYNAMICS 
QUESTIONS FOR SHORT ANSWER 


No in isothermal process heat is added to a system. The temperature does not increase so the internal 
energy does not. 

Yes, the internal energy must increase when temp. increases; as internal energy depends upon 
temperature U œ T 

Work done on the gas is 0. as the Р.Е. of the container si increased and not of gas. Work done by the 
gas 1$ 0. as the gas is not expanding. 

The temperature of the gas is decreased. 


W =F x d = Fd Cos 0° = Fd 

Change in PE is zero. Change in KE is non Zero. о». 
So, there may be some internal energy. 14— d —*1 
The outer surface of the cylinder is rubbed vigorously by a polishing machine. 

The energy given to the cylinder is work. The heat is produced on the cylinder which transferred to the 
gas. 

No. work done by rubbing the hands in converted to heat and the hands become warm. 

When the bottle is shaken the liquid in itis also shaken. Thus work is done on the liquid. But heat is not 
transferred to the liquid. 

Final volume = Initial volume. So, the process is isobaric. 

Work done in an isobaric process is necessarily zero. 

No word can be done by the system without changing its volume. 


. Internal energy = U = nCyT 


Now, since gas is continuously pumped in. So n» = 2n, as the p; = 2р.. Hence the internal energy is 
also doubled. 

When the tyre bursts, there is adiabatic expansion of the air because the pressure of the air inside is 
sufficiently higher than atmospheric pressure. In expansion air does some work against surroundings. 
So the internal energy decreases. This leads to a fall in temperature. 

‘No’, work is done on the system during this process. No, because the object expands during the 
process i.e. volume increases. 

No, it is not a reversible process. 

Total heat input = Total heat out put i.e., the total heat energy given to the system is converted to 
mechanical work. 

Yes, the entropy of the body decreases. But in order to cool down a body we need another external sink 
which draws out the heat the entropy of object in partly transferred to the external sink. Thus once 
entropy is created. It is kept by universe. And it is never destroyed. This is according to the 2™ law of 
thermodynamics 


OBJECTIVE - I 
(d) Dq = DU + DW. This is the statement of law of conservation of energy. The energy provided is 
utilized to do work as well as increase the molecular K.E. and P.E. 


(b) Since it is an isothermal process. So temp. will remain constant as a result 'U' or internal energy will 
also remain constant. So the system has to do positive work. 


(a) In case of A AW, > AW; (Area under the graph is higher for A than for B). АЛО, 
AQ = ли * dw. dpa 
du for both the processes is same (as it is a state function) | BAQ> 

V — 


“AQ, > AQ»? as AW, > AW»? 


(b) As Internal energy is a state function and not a path function. AU, = AU; А 
] ue 
Ке 
М 
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(a) In the process the volume of the system increases continuously. Thus, the work 


P 
done increases continuously. | ВИ. 


Vo 
(c) for A In a so thermal system temp remains same although heat is added. 
for B > For the work done by the system volume increase as is consumes heat. 
(c) In this case P and T varry proportionally i.e. P/T = constant. This is possible only Р f 


when volume does not change. .. pdv = 0 о ы 
E 


(c) Given : AVA = AVB. But Pa < Рв Р В 
Now, Wa = Pa AVB; We = Рв AVB; So, Wa < We. 
T 


IA 


(b) As the volume of the gas decreases, the temperature increases as well as the pressure. But, on 
passage of time, the heat develops radiates through the metallic cylinder thus T decreases as well as 
the pressure. 

OBJECTIVE - П 


(b), (c) Pressure P and Volume V both increases. Thus work done is positive (V increases). Heat must 
be added to the system to follow this process. So temperature must increases. 


(а) (b) Initial temp = Final Temp. Initial internal energy = Final internal energy. 
i.e. AU = 0, So, this is found in case of a cyclic process. 


(d) AU = Heat supplied, AW = Work done. 
(AQ — AW) = du, du is same for both the methods since it is a state function. 


0 


(a) (c) Since it is a cyclic process. 
So, AU, = — AUS, hence AU, + AU = 0 
AQ-AW-0 


(a) (d) Internal energy decreases by the same amount as work done. 
du = dw, ~. dQ = 0. Thus the process is adiabatic. In adiabatic process, dU = — dw. Since ‘U’ decreases 


22 


ү» 


— U 


О, – О, is -ve. .. дм should be «үе => "н (т, zT) is *tve. Т, > T2 ~. Temperature decreases. 
"m 


EXERCISES 

t,=15°c t-17c 
At = t2 - t4 = 17 — 15 = 2°C = 2 + 273 = 275 K 
m, = 100 g = 0.1 kg my = 200 g = 0.2 kg 
си = 420 J/kg-k W, = 4200 J/kg-k 
(a) The heat transferred to the liquid vessel system is 0. The internal heat is shared in between the 
vessel and water. 
(b) Work done on the system - Heat produced unit 

= dw = 100 x 10? x 420 x 2 + 200 x 10? x 4200 x 2 = 84 + 84 x 20 = 84 x 21 = 1764 J. 
(c)dQ = 0, dU = – dw = 1764. [since dw = ме work done оп the system] 
(a) Heat is not given to the liquid. Instead the mechanical work done is converted 
to heat. So, heat given to liquid is z. 
(b) Work done on the liquid is the PE lost by the 12 kg mass = mgh = 12 x 10x 
0.70 = 84 J 
(c) Rise in temp at At We know, 84 = msAt 


= 84 = 1 x 4200 x At (for ‘m’ = 1kg) > At = —4_ =0.02 К 
4200 
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10. 


mass of block = 100 kg 

u=2m/s,m=0.2 v=0 

dQ = du + dw 

In this case dQ = 0 

= — ди = dw > du = [iot ати) = 1,400x2x2 - 200 J 
2 2 2 

О = 100 J 

We know, AU = AQ — AW 

Here since the container is rigid, AV = 0, 

Hence the AW = PAV = 0, 

So, AU = AQ = 100 J. 

Р, = 10 Кра = 10 x 10° pa. Р; = 50 x 10° pa. v4 =200 cc. № = 50 сс 


(i) Work done on the gas = 200 +50) х103 х (50 –200)х10 =- 4.5 Ј 


(ii) dQ = 0 > 0 = du + dw > du = дм = 4.5 J 


initial State ‘I’ Final State ‘f 
Given Pi = Р; 
T, T? 


where Р, > Initial Pressure ; P2 > Final Pressure. 

T, Т, > Absolute temp. So, AV = 0 

Work done by gas = PAV = 0 

In path ACB, 

Wac “Увс = 0 + рау = 30 x 10? (25 — 10) x 10° = 0.45 J 

In path AB, Wag = % x (10 + 30) x 10? 15 x 10? = 0.30 J 

In path ADB, W = Wap + Wos = 10 x 10° (25 — 10) x 10? + 0 = 0.15 J 





10 kpa 30kpa P—> 


AQ = AU + AW 

In abc, AQ=80J AW = 30J 

So, AU = (80 - 30) J = 50J 

Now in adc, AW - 10 J 

Зо, AQ = 10 + 50 = 60 J [.. AU = 50 Л 





In path ACB, 

dQ = 500 50 x 4.2 = 210 J t 

dW = Wac + Wes = 50 x 10? x 200 x 10° = 10 J Тэс 

dQ = dU + dW 

= dU = dQ - dW = 210 — 10 = 200 J 08 

Іп path АВВ, dQ =? 200 сс 400 сс У--» 


dU = 200 J (Internal energy change between 2 points is always same) 
dW = Wap + Wos = 0+ 155 x 10° x 200 х 10? = 31 J 
dQ = dU + dW = 200 + 31 = 231 J = 55 cal 


Heat absorbed = work done = Area under the graph 
In the given case heat absorbed = area of the circle 
= q x 10* х 10° х 10° = 3.14 x 102314 J 





100 300 


— *(kpa) 
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11. 


12. 


13. 


14. 


15. 


16. 


17. 


dQ = 2.4 cal = 2.4 J Joules 
dw = Wag + Wesc + Wac 


= 0 + (1/2) x (100 + 200) x 10? 200 x 107° — 100 x 10? x 200 x 10? 


= (1/2) х 300 x 10? 200 x 10° — 20 = 30 – 20 = 10 joules. 
du = 0 (in a cyclic process) 
dQ = dU *dW = 2.4 J = 10 
= j= 10 шалт JiCal. 
24 

Now, AQ = (2625 х J) J 
AU = 5000 J 
From Graph AW = 200 x 10? x 0.03 = 6000 J. 
Now, AQ = AW + AU 
= 2625 J = 6000 + 5000 J 
үе 11000 - , 19 уса 

2625 
dQ = 70 cal = (70 x 4.2) J 
dW = (1/2) x (200 + 500) х 10? х 150 x 10° 
- (1/2) x 500 x 150 x 10? 
= 525 х 10`' = 52.5 Ј 
dU =? dQ = du + dw 
= – 294 = du + 52.5 
= du = – 294 — 52.5 = — 346.5 J 
О = 1.5 pV Р=1х 10° Ра 
dV = (200 – 100) cm? = 100 cm? = 10 т? 
dU = 1.5 x 10? x 10% = 15 
dW = 10? x 10% = 10 
dQ = dU + dW = 10 + 15 = 25 J 
dQ = 10 J 
dV = A x 10 cm? = 4 x 10 cm? = 40 x 10° ст? 
dw = Pdv = 100 x 10? x 40 x 10? = 4 cm? 
du =? 10 = du + dw 2 102 du* 4 = du = 6 J. 
(a) P4 = 100 KPa 


V =2 т? 
AV, = 0.5 т? 
АР; = 100 КРа 


From the graph, We find that area under AC is greater than area under 


than AB. So, we see that heat is extracted from the system. 
(b) Amount of heat = Area under АВС. 
= 1,5 x105 = 25000 J 
2 10 
n - 2 mole 
dQ = - 1200 J 
dU = 0 (During cyclic Process) 
dQ = dU + dwc 
=> – 1200 = Wag + М/вс + Wea 
=> — 1200 = nRAT + Wgc + 0 
=> – 1200 = 2 x 8.3 х 200 + Wac 
=> Wec = – 400 х 8.3 — 1200 = – 4520 J. 


200 kpa 500 К 


25m? 








pa 


V 
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18. 


19. 


20. 


21. 


Given n = 2 moles 
dV =0 
in ad and bc. 
Hence dW = dQ dW = dWap + Ча 
= nRT4Ln 210 - nRT;Ln гай 
Vo 2У, 
= ПВ x 2.303 х log 2(500 – 300) 
= 2 x 8.314 x 2.303 x 0.301 x 200 = 2305.31 J 
Given M = 2 kg 2t = 4?c Sw - 4200 J/Kg-k 
fo = 999.9 kg/m? fa = 1000 kg/m? P - 10? Pa. 
Net internal energy = dv 
dQ = DU + dw => msAQ? = dU + P(vo – v4) 
=> 2 х 4200 x 4 = dU + 10*(m — m) 





Vo 2У, 


= 33600 = dU + (п-т 
Vo V4 

= 33600 = du + 0.02 = du = (33600 – 0.02) J 

Mass = 10g = 0.01kg. 

P = 10°Ра 

dQ = Quo 0° – 100°+ Qi, - steam 


= 0.01 x 4200 x 100 + 0.01 x 2.5 x 10° = 4200 + 25000 = 29200 


| = dU + 10°(0.0020002 — 0.002) = dU + 10? 0.0000002 


dW =P x AV 
A-9901 001 001699 
0.6 1000 


dW - PAV = 0.01699 х 107 1699J 
dQ = dW + dU or dU = dQ - dW = 29200 — 1699 = 27501 = 2.75 x 10^ J 
(a) Since the wall can not be moved thus dU = 0 and dQ = 0. 











Hence dW = 0. 
1 1 Р.Т, Р: T2 
(b) Let final pressure in LHS = Р; 
In RHS = Р› | Va 12 
(ә. no. of mole remains constant) 

ED LEN. О = 1.5nRT 
2RT, 2RT | 
Р, = PT _ РР, +P.) GT, 

Т, À 
As. T= (Р, +Р)Т,Т 
Simillarly P; = ье) 
(c) Let T2 > T4 and ‘T’ be the common temp. 
Initially PV. ЕП. Ц, = п, = ЕС 
2 2RT, 


n = БОМА Hence dQ = 0, dW = 0, Hence dU = 0. 


2RT; 
In case (LHS) RHS 
Au, = 1.5n4 R(T - T1) But Au, -AU» = 0 AU. = 1.50: R(T2 -1) 


= 1.5 п. R(T -Т;) = 1.5 n; R(T;-T) 
>n Т- п; Т, = п Т = п T => T(n + п) = п; Т, + No T2 
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p nT 50515 
ny +12 
PV ЇЕ: Р,М kd Р, +Р» 
_ 2ВТ, 2RT; Рут +PoTy 
PV | РУ TT, 
2RT, 2RT; 
_ (Р, +Po)TiTe _ (Py + Ро) as Р{Тә+Р»Ту =, 
(d) For RHS dQ = dU (As dW = 0) -1.5n;R(T2-t) 
_ 1.5Р,М R Т —(Р,—Р»)Т{Т | _ 1-5P2V Pit” -PTT 
2RT; PT, -Р,Т, 2Т, A 
_ 1.5Р,У " T;PT; - Ty) _ ЗРР.(Т,-1,М 
2T, A 4X 
22. (a) As the conducting wall is fixed the work done by the gas on the left part (03 үә 
during the process is Zero. 
(b) For left side For right side PT, BE 
2 
Pressure - P Let initial Temperature = T; " T 
Volume = V 


V=1.5nRT | V-3nRT 
No. of moles = n(1mole) 


Let initial Temperature = Т; 


ВМ - nRT, РМ. = (12 КТ» 
2 2 
SV Lom. med. x1 
2 212 
> Т, = Е = Т = LM. 
2(moles)R 4(moles)R 
(c) Let the final Temperature = T 
Final Pressure = К 
No. of mole = 1 mole + 2 moles = 3 moles 
РУЕПВТ-1- ыг - = 
nR  3(mole)\R 
(d) For RHS dQ = ау (ав, dW = 0] 
PV PV 





= 1.5 n2 R(T - Т) = 1.5 х2хКх 
3(mole)R 4(mole)R 


4PV - 3PV 3xRxPV PV 
21.5x2xRx = = 
4 x 3(mole 3x4xR 4 





(e) As, dQ = -dU 


= 40 = – 0 = M 


se oe fe che che 
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CHAPTER - 27 
SPECIFIC HEAT CAPACITIES OF GASES 


М = 1 mole, W = 20 g/mol, V = 50 m/s 
К.Е. of the vessel = Internal energy of the gas 
= (1/2) ту? = (1/2) x 20 x 10? x 50x 50 = 25 J 
50 


25 = пЗ (АТ) > 25=1х 3х 831x AT > АТ- =2К. 
2 2 3x8.3 





m-5g, 4525-15-10 С 

Cy = 0.172 cal/g-°CJ = 4.2 J/Cal. 

40 = du + dw 

Now, V = 0 (for a rigid body) 

So, dw = 0. 

So dQ = du. 

О = msdt = 5 x 0.172 x 10 = 8.6 cal = 8.6 x 4.2 = 36.12 Joule. 
у = 1.4, W ог piston = 50 kg., A of piston = 100 cm? 

Ро = 100 kpa, 9= 10 п/з?, х= 20 ст. 





dw = pdv = (79 po ac - 2019.109 Ноо 107^ x 20 x107? = 1.5 х 10° х 20 х 10'* = 300 J. 
А 100 x107 

nRdt = 300 = ат = 300 

nR 
dQ = пСрат = nCp x 300 = mR300 . 300x14 626, 

nR (y -—1)nR 0.4 

Сунг = 24 Cal/g'C, Ce H^ = 3.4 Cal/g^C 
M - 2 g/ Mol, В = 8.3 x 107 erg/mol-°C 


We know, Cp — Су = 1 Cal/g°C 
So, difference of molar specific heats 
= Cp x M—Cy x M=1 x 2 =2 Cal/g°C 
Now, 2 x J =R = 2х J = 8.3 х 10’ erg/mol-°C => J = 4.15 х 10' erg/cal. 
бе = 7.6, п = 1 mole, AT = 50K 
Cy 
(a) Keeping the pressure constant, dQ = du + dw, 
AT = 50 K, y = 7/6, m=1 mole, 
dQ = du + dw = nC\dT = du + Ват = du = nCpdT — Кат 





7 
R Вх-- 

= 4x Y xgT-RdT = —Ê dT -RaT 
үе! T d 


= DT - Ват = 7RdT - Ват = 6 Ват = 6 х 8.3 x 50 = 2490 J. 
(b) Kipping Volume constant, ам = nCydT 
= 1х R xdt = 1388. 
ye T4 
6 
= 8.3 x 50 x 6 = 2490 J 


(c) Adiabetically dQ = 0, du =-— dw 


50 








- Er Ta) = TES (T, -T,)= 8.3 x 50 x 6 = 2490 J 
ys сэн, 
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10. 


11. 





т = 1.18g, метра Т=300К, Р = 10° Ра 
PV-nRT or n- PV = 105 = atm. 
RT 
VN 2 1 23712220 
RT 8.2х10-? х3х10? 82х3 24.6 
Q 


Now, си = 24.6 x 2 = 49.2 
n dt 
Cp = R + C, = 1.987 + 49.2 = 51.187 


x 51.187 x1 = 2.08 Cal. 





1 
= nC,dT = 
Q 3 24.6 


V4 = 100 ст?, V,2200cm? Р-2х10 Ра, AQ=50J 
(а) AQ = ди + dw = 50 = du + 20x 10°(200 — 100 x 10) 50 = du + 20 > du = 30 J 


(6) З0 = пх 5» 8.3 x 300 [U= =nRT for monoatomic] 








>n=—4_=—_2_ 20908 
3x83 249 
(101506 :47-5 2 1-2. 90. м 
0.008 х 300 


Cp = C, + К = 12.5 + 8.3 = 20.3 
(d) C, = 12.5 (Proved above) 
О = Amt of heat given 


Work done = S, AQ=W+AU 


for monoatomic gas > AU = О – 


мө 


-Q 
2 


V2n3nr- 9 =птх 2n 2 ЗВ х пт 
2 2 2 


Again О = n Срат Where Ср > Molar heat capacity at const. pressure. 
3RnT = ndTCp => Ср = ЗВ 











р= ку SRT =ку = вт= kV? >RAT=2KV au = RAT = av 
у 2KV 
dQ = du + dw = modT = CydT + рау = msdT = Cy dT+ Na 
= тв = су+ RV Sc LR 
2KV 2 
Ce oy, Сь-Су= К, Су = a быв ҮК 
М y= y -1 
Pdv = —_ (Rat) 
b +1 
Sud = Cyan + —— (Rat) => 1 = Cy 
b+1 b+1 R 
SR (Cp - Cy) 
bre =-y+1>b=- 
Dy Cy Y Y 


Considering two gases, in Gas(1) we have, 


y, Cp, (Sp. Heat at const. ‘P’), Су: (Sp. Heat at const. ‘V’), п. (No. of moles) 
© ie Gorey 
Cv, 
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12. 


13. 


= yOw- Су = В > См (y-1)=R 


= Су, = R & Cp, sam. 
y -1 y-1 
In Gas(2) we have, у, Cp» (Sp. Heat at const. Р”), Cv; (Sp. Heat at const. ‘V’), n; (No. of moles) 
CP: Оба R = yCv2 – Су = В => Су (y-1) = В > Су = je & Cpe 
Су, ү-1 ү-1 


Given п; : п = 1:2 
dU, = nCv, ат & dU; = 2nCv2 ат = 3nCvdT 





R 2R 
o= 081 20) „1-1 y-1,_3R_ _ R i 
3 3 3(y-1) y-1 
&Cp = үСу = —— 2) 
y-1 
So, СР = пот (1) & (2)] 
Cv 
Ср'= 2.5 ВСр" = 3.5 К 
Cv = 1.5 В Cv" =2.5 В 


n4 = п; = 1 mol (n4 + n2)CydT = п. CydT + п; Сат 








бла niCv'«n;Cv' | 1.58 € 2.5R 2R 
ni +N» 2 

Cp=Cy+tR=2R+R=3R 

C 
хасын ЗК _ 1.5 

Cy 2R 
n= 3 mole, R= 28, J/mol-k, y= 5 

3 3 


(a) Temp at A = Ta, PaVa = NRT, 
PaVa _ 5000 x 1079 x 100 x 10? 

















> Та = ЯВ 1 25 = 120 К. 

23 
Similarly temperatures at point b = 240 k at C it is 480 К and at D it is 240 К. 5000cm? 10000 cm? 
(b) For ab process, 
dQ = пСрат [since ab is isobaric] 

35.5 
=1 Ry (т, -T,) = 1-3 3 x (240-120) = 1129 x2 x120 = 1250 J 
2 y-1 2 5 4 2 9 2 
3 
For be, ао = аи + ам [dq = 0, Isochorie process] 
25 

= ча = аи = пс,ат = PR. (т, т.) = 1.3 40) = I AIMO - 1500 J 


- х 
o tir] 
3 
(c) Heat liberated in cd = — пС ат 
-1 nR 1 125 3 








Ge шиг Т) = 5 Х-3 555240 = 2500 J 
Heat liberated in da = – nC,dT 

1 В —1 25 
= в Ta) = 2 > х(120 - 240) = 750 J 
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14. 


15. 


16. 


17. 


(a) For a, b 'V' is constant 

Р, Р, 100 _ 200 _ 200х300 
= > = => T2 а 

T, T 300 Т, 100 

For b,c 'P' is constant 

VW Vo 100 _ 150 _ 600х150 _ 

il Е Т; 600 ~ T; = lige 100 = 900 k 100 KPa 200 KPa 

(b) Work done = Area enclosed under the graph 50 cc x 200 kpa = 50 x 10:5 x 200 x 10° J =10 J 

(c) ‘Q’ Supplied = пС,4Т 


So, = 600 k 











So, 


Now, n = y considering at pt. ‘b’ 
RT 











с, = at =300а, 5. 
y -1 
3 -6 
(ue DE o gp OO ООО аавв Cy = 1.67) 
RT y-41 600 x 0.67 
: yR 
О supplied to be nC,dT [..C,7 E 
у 
3 -6 
_ PV ҮЁ үү 200х10° х150х1079/1.67х8.3 ajg одоод 
RT y-1 8.3x 900 0.67 
(9) О= AU * w 


Now, AU = О — w = Heat supplied — Work done = (24.925 + 14.925) – 1 = 29.850 





In Joly's differential steam calorimeter 

ЭР! Ээ 

' m(05 — 64) 
m; = Mass of steam condensed = 0.095 g, L = 540 Cal/g = 540 x 4.2 J/g 
m, = Mass of gas present = 3 0, 04 = 20°C, 0; = 100°C 
QE 0.095 x 540 x 4.2 _ 0.89 = 0.9 J/g-K 
3(100 – 20) 
ү= 1.5 
Since it is an adiabatic process, So PV’ = const. 
(a) Р.М = РМ! Given У; =4L, V2 =3L, r= ? 
1 
Y 1.5 

sP =|] = $) = 1.5396 = 1.54 

Р, V2 3 


(b) ТУГ” = Const. 
y-1 0.5 
ТМ” TVA 12221 Е B = 1.154 
Tr (v 3 
P,22.5 x 10° Pa, V4 = 100 cc, T4 = 300 К 
(а) Р.М! = РМ» 


4:5 
> 2.5 x 105 x V5z 5 ер: 


=> Р,= 21 х 2,5 х 10° = 7.07 x 10° = 7.1 x 10° 
(b) ТАМ." = ТМ" " = 300 х (100)'°-' = Т, x (50) ?^' 


> Т = 2000, = 424.32 К = 424 К 
7.07 
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19. 


20. 


21. 


(c) Work done by the gas in the process 








mR PV 
= T, -T| = ——— fT, -T 
А т, те etn] 
5 -6 
= 2.5x10° 10010 454 _ 399) 25х10 124 2072221 J 
300(15 - 1) 300 x 0.5 
ү= 1.4, Т, = 20°С =293К, Р, -2atm, р = 1 аіт 


We know for adiabatic process, 
p, xT = ple x ТУ or (2) 4 х (293)'* 2 ay x Том 
=> (2)°4 x (293)'* = T;'^ 2153.78 = T;'^ > Т, = (2153.78)" = 240.3 К 
Р; = 100 KPa = 10° Ра М, = 400 ст? = 400 x 10? m?, T, =300k, 
= ов = 1.5 

V 
(а) Suddenly compressed to V; = 100 cm? 

Р.М" = PAV} = 10° (400)'° = P; x (100)? 

=> Р, = 10? x (4)'° = 800 KPa 


Y 


Тим" = TeV" => 300 x (400)5^ = T; х (100) 5! > T; = IL 20 _600к 


(b) Even if the container is slowly compressed the walls are adiabatic so heat transferred is 0. 
Thus the values remain, P; = 800 KPa, T2 = 600 К. 





Given ae =y Po (Initial Pressure), Vo (Initial Volume) 
V 
| : ` _ P2Vo р 
(a) (i) Isothermal compression, РМ; = Р,У, ог, PoVo = => P, = 2Po 
А 1 ү у ү Y 
(ii) Adiabatic Compression P4V4! = P2V;' or 2Р, E = р1 EJ 


y 


я 
= Р'= Vo х2Р, x ad 
2! Vo” 








-2х2Р,-»Р, 2" 


" 
(b) (i) Adiabatic compression P1V4! = РМ: or PoVo! = 453 —P'zBpo2' 


ii) Isothermal compression Р.М; = РМ or2'Pox Vo = Рр, х xs = Р, = Ро2""' 
2 4 


Initial pressure = Ро 
Initial Volume = Vo 
C 
Y = SP. 
Cy 


(a) Isothermally to pressure E 


PoVo = Pay, > Vı =2 Vo 


Adiabetically to pressure = Po 


Po (yy = Po, y = Po gy yr = Po 
с баен. Мека йн 


> 2 Vol = М! = Vz = 2°“ Vo 
-. Final Volume = 2°" y, 
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22. 


23. 


24. 


(b) Adiabetically to pressure M to Po 


Рох (27 Vo") = о (уу 
Po 
Isothermal to pressure 26 


€ 21, = Pyy” = М" = 2h Vo 


-. Final Volume = 2°" y, 











PV = nRT 
Given P = 150 KPa = 150 x 10? Pa, V = 150 ст? = 150 х 10$ m?, Т-300К 
3 -6 
(а)п= PV = 190x10 х150х107 ах 105 = 0.009 moles. 
RT 8.3 x 300 

C yR yR 
(b) Р-ү-э =у К: E 

C, (y - Cy P y-1 
> Сү R 2 83 ее 


y-1 15-1 0.5 
(c) Given P, = 150 KPa = 150 х 10° Pa, Р, =? 
V, = 150 ст? = 150x 10? т?, у=1.5 
V,-50cm?-50x10?m?, Т; = 300 К, 1252 
Since the process is adiabatic Hence — P,V," = P2V2" 
= 150x 10? (150 x 105)! = Р, x (50 x 10 $y 


150 x 1079 
50 x 1079 
(d) AQ 2 W * AU or W = -AU [.. AU = 0, in adiabatic] 

=—nCydT = - 0.009 x 16.6 x (520 - 300) = - 0.009 х 16.6 x 220 = – 32.8 J=- 33 J 
(e) AU = nCydT = 0.009 x 16.6 х 220 = 33 J 
VA = Vg = Vc 
For A, the process is isothermal 


1.5 
= Р, = 150 x 10? x | | = 150000 x 3*5 = 779.422 x 10? Pa = 780 KPa 


РАМА = РАМ’ > Pa’ = РА Va =P, x uf 
V 2 


A 
For B, the process is adiabatic, 








ї 15 
РА(Мв)' = Pa'(Vs) = Pa’ = d "d =P% (3 = we 


For, C, the process is isobaric 

Wer Ve _ Мс We "HE. 
; Tc ERA 

Tc Tc Tc Tc Tc 


Final pressures are equal. 














= РА = я = Рес => РА: Рв:Рс=2:2'5:1=2:2.\2:1 
Р; = Initial Pressure V4 = Initial Volume Р, - Final Pressure V2 = Final Volume 


Given, V2 = 2V4, Isothermal workdone = nRT; Ln t3 
2 
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Р,У,-Р,М, 
ү-1 
Given that workdone in both cases is same. 


л = Р,М,-Р,У, 5-9 | 
1 Yd 


Adiabatic workdone = 








Hence nRT; “| 2 = Ei —PV2 


V, nRT, 


V2 5 nRT; - nRT; 202595 Т,-Т, 
У, nRT, Ti 
We know TV* 7 const. in adiabatic Process. 

ТАМ" = T2 М", or Ty (Va)! = T; x (2)! x (му 





5-1 | afiy [e V2 = 2V1] 


Or, T, = 27! x T; or T; 2 Т," ..(ii) 
From (i) & (ii) 
- 1-Ү 
(у—1)\п2= LM 5-1) иа=1-2"7 
1 
y215,  T-300k, М=1у= zl 


(a) The process is adiabatic as it is sudden, 


у 1.5 
P, V4 = P2 V” = Р; (Vo) = P2 (8) =>P2= Р; (uz) =P; (2) > 5. xl E. 242 
1 


(b) P, = 100 KPa = 10° Ра W= ID -T,] 
лын 


T. Vi! = Р; Vo" = 300 x (1)'%' = Т, (0.577 > 300 х 1=T, V0.5 


Т, = 300 x Ён = 30042 K 


PV, _ 105x10 _ 1 











P, V, 72nRT, = п = = = (V in т?) 
RT, Rx300  3R 
nR 18 300 
= Т, -T,] = 300 - 3004/2 | = 1-42)» -82.8 J = -82 J. 
шр a masc я 05 /) 


(c) Internal Energy, 

dQ=0, -—du--dw--(-82.8)) = 82.8 J = 82 J. 

(d) Final Temp = 300 42 = 300 x 1.414 x 100 = 424.2 К = 424 К. 
(e) The pressure is kept constant. .. The process is isobaric. 


Work done = nRdT = x x R x (300 – 300 42) Final Temp = 300 К 


-- г 300 (0.414) --41.4 J. Initial Temp = 300/2 


(f) Initial volume — ЕН ыг =V,'= ND = — Í x300 = ÍL 
1 Ti T 2x300x42 242: 





Final volume = 1L 


Work done in isothermal = nRTIn NS 


1 
1 
4/242 


(g) Net work done = Wa + Ws + Wc = — 82 — 41.4 + 103 = - 20.4 J. 





= надон Je 100 = l2) = 100 » 1.039 = 103 
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26. Given y= 1.5 
We know fro adiabatic process TV = Const. 


So, Ta Vite AO (ед) PT 
As, it is an adiabatic process and all the other conditions are same. Hence the 


above equation can be applied. 





1.5-1 1.5-1 0.5 0.5 зул уд 
So E x| 2V = Т, х У > Т х ЗУ = Т, х у 
) | ME. 220125 
1 2 
0.5 0.5 
=. (0) ДЕЗ шан. So, T4 T5 8 1548. 3:11 
MERE зу 48 
27. V = 200 cm’, C = 12.5 J/mol-k, T = 300 К, Р = 75 ст 


(а) No. of moles of gas т each vessel, 

PV _ 75x13.6x980 x 200 

RT 8.3 x107 x 300 

(b) Heat is supplied to the gas but dv = 0 | 
5 


dQ = du = 5 = nCydT = 5 = 0.008 x 12.5 x dT > dT = — —" for (A) 
0.008 x 12.5 ! [ 
For (B) dr = 10 get 


— = [For container A] 


= 0.008 А 














0.008 х12.5 UT ЛА 
2 75 _ Pa x0.008 х12.5 ES 75х5 52 &cmef а: 
300 5 300 x 0.008 x 12.5 
«EP [ерк Container Bf 55; 22458 50:008512:3/ 55 „эв 25 em oF Hg. 
T Tg 300 10 
Mercury moves by a distance Pg — Pa = 25 - 12.5 = 12.5 Cm. 
28. mHe = 0.19, y = 1.67, u = 4 g/mol, mH; =? 


u = 28/mol y; = 1.4 
Since it is an adiabatic surrounding 

















Не dQ = пСуат = Ч, > Хи 2225 ыг PS. og 4440) 
4 1-1 4 (1.67-1) He нь 

Но = пуат = Ахат = М, FP хат [Where mis the гад 

EC g^ y-1 2 14-1 Чи 
Mass of H;] 
Since equal amount of heat is given to both and AT is same in both. 
Equating (i) & (ii) we get 

01, Кат = Pu B хат оте O1, 05 = 0.0298 = 0.03 g 

4 0.67 2 04 2 0.67 

29. Initial pressure = Po, Initial Temperature = То 
Initial Volume = Vo 
Ce. oo) NES TN 
ү, 

Cy 
(a) For the diathermic vessel the temperature inside remains constant 
P,V4- P2 V2 > Po Vo = P2x 2% > P2 = 2. Temperature = T, 


For adiabatic vessel the temperature does not remains constant. The process is adiabatic 





ye -1 
Ty Va" = T2 Vol" => Te Vo! = Тә х (2Мо)7-» T2 = To №] = Ty x В 
2% 2 217 
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Specific Heat Capacities of Gases 





30. 


31. 








V; Р 
Py V4" = Р; Vo! => Po Vo = ру (2Vo)' > Pi = Р —2- | = — 
4 V4 2 V2 o Мо = рч (2Vo) 1 || 2! 
(b) When the values are opened, the temperature remains То through out 
pe Чо р, = "210 [Total value after the expt = 2У, + 2Vp = 4V.] 
4У, 4У, 
Р-Р,ФР,- (n4 + п JRTo _ 2nRT; _ nRTo _ Po 
4у, 4У, 2V 2 
For an adiabatic process, Pv’ = Const. 
There will be a common pressure ‘P’ when the equilibrium is reached Vo/2 Vo/2 
t Р, T. 
Hence Р, 2) = ру) ЕЕ 
ү Ud 
For left P = ACE (V) ...(1) 
2 V Vo-V' 


Vs y 1 
For Right P = ГЕЗ (Vo-V')’ ...(2) 


Equating “Р” for both left & right 
BOB „М-м _ (y 








о 

(V)  (Vo-V?) v Р, 

Aly 1/ү Aly 1/ү 

zo qe e mo Np Р Р шу WP For left .......(3) 

V pP Vv p pt «p, 

My 
Similarly Vo — V' = Mr For right ...... (4) 
Pe ЕР! 


(b) Since the whole process takes place in adiabatic surroundings. The separator is adiabatic. Hence 
heat given to the gas in the left part = Zero. 


у 
[2 
2) 


(c) From (1) Final pressure Р = 





(V) 
" р, Vo)! 1/ 1/ 11у 1y ү 
Again from (3) V' = VP а or P = 27 = Ру) х P. _+Р; | = Е ES | 
Р, "+P ' | VP, | 2! (Vo) P; 2 
p, 4 pt 


А=1 ст? = 1х 10 т, М=0.039=0.03 x 10? kg, 
Р = 1аїт = 10° pascal, 1= 40 ст = 0.4 т. 
Е, = 80 ст = 0.8 т, P = 0.355 atm 
The process is adiabatic 
1 


P(V) = PV» = 1 * (AD! = 0.355 х (A2 5 1 150.355 21 c 52 


1 
= у| 2 = | —— | = 1.4941 
— оз [ 355) 














5 5 5 -5 
we шиг _ | 1.4941x10 EET 9 ices caus 
f miv 0.03 x 10? 3х10- 
10-4 х1х 0.4 
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32. V = 1280 m/s, 


33. 


34. 


35. 


T=0°C, 
At STP, P = 10? Pa, We know 


foH; = 0.089 kg/m’, 























rR = 8.3 J/mol-k, 





5 5 2 
Мата = ҮР — 1280 = үх10 = (1280)? = үх107 sys 0.089 x (1280) = 1.458 
fo 0.089 10° 

Again, 
Cy= а. 89 тавлаж 

y-1 1458-1 

. Cp 
Again, Fo = y or Cp = yCy = 1.458 х 18.1 = 26.3 J/mol-k 
V 

ц = 4g =4 x 103 kg, V = 22400 cm? = 22400 x 10° т? 
Ср = 5 cal/mol-ki = 5 x 4.2 J/mol-k = 21 J/mol-k 
Cp = yR _ үх8.3 

y-1 je 

21 
—21(y-1)2y(83)221y-21283y—2 y- -| 
Since the condition is STP, P = 1 atm = 10? pa 
21 5 
x10 5 -6 

ga uz 427 E [em x 22400 x10 RN 

f 4x107 12.7x4x10 

22400 x 107° 
Given fo = 1.7 x10? g/cm? = 1.7 kg/m), Р = 1.5 x 10? Pa, В = 8.3 J/mol-k, 
[= 3.0 KHz. 
Node separation т а Kundt” tube = 3 = б ст, = А = 12 ст = 12 x 107 т 
So, V = fù = 3 x 10? x 12 x 10? = 360 m/s 
5 2 
We know, Speed of sound = |2 = (360) = 15152510... (300) x17 _ 1,4688 
fo 1.7 1.5 x 10? 
But Cy = oS Cary ИЖ 
-1 1488-1 
Again =P =y ^ So, Cp = yCy= 17.72 x 1.468 = 26.01 = 26 J/mol-k 
V 

f=5x*10°Hz, T=300Hz, 5 233cm—226.6x10?m 


V = fù = 5 103 x 6.6 x 10? = (66 x 5) m/s 
P 
fo 


Cp = Cy + R = 20.77 + 8.3 = 29.07 J/mol-k. 


^^^^ 


R 


a AP wennt p i sets Ай 
f mV m 


= mI egri E cee — (66 x 5)? = БКВ = 
m 32x 107 32 x107 


(66 x 5)? x 32x10? 
8.3 x 300 





= 1.3995 
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CHAPTER 28 











HEAT TRANSFER 

t, = 90°C, t = 10°С 
l=1cm=1x10°m 
А = 10 cm x 10 ст = 0.1 x 0.1 m? = 1 x 10? m? 
K = 0.80 w/m-°C 

-1 -2 
О _ KA(0;-02) | 8x10 x1x10 x80 = 64 Jls = 64 x 60 3840 J. 
t | 1x107? 
t=1cm=0.01m, A = 0.8 m? 
Ө: = 300, 05 = 80 
К = 0.025, 
Q  KA(0,-0;) _ 0.025х0.8 x (30030) МН 
t | 0.01 
К = 0.04 J/m-5°C, А= 16m? 
t = 97°F = 36.1°C { = 47°F = 8.33°C 
| = 0.5 cm = 0.005 m 

-2 
Q . KA(0; 02) _ 4x10? x16x27.78 |. ej, 





t l 5x107 
А = 25 ст? = 25 x 10^ п? 
[= 1 тт = 103 т 
К = 50 м/т-°С 
Ч - Rate of conversion of water into steam 


_ 100х103 х2.26х108 _ 1071 х2.26х108 














- = 0.376 x 10° 
1 min 60 
-4 
Q _ KA(0:1-02) , 0.376 x10 = 20х25 10 " x (0-100) 
t | 10-3 
29 4 5 
умо X09 0530 SAO XOTE эш, с. 
50x25x10^ 50x25 
К = 46 wim-s°C 
[= 1т 
А = 0.04 ст? = 4 x 108 т? Ш 
Liussion ice = 3.36 х 10° j/Kg = 
= 100°C 
2 - шан x100 _ едх 105 kg 5.4 x 1059. 


A = 2400 cm? = 2400 x 10^ m? 
=2тт=2х 10? т 








К = 0.06 w/m-^C 
Ө, = 20°С 
0; = 0°С 
-4 
@ _ KA(64-02) _ 0.06x2400x10^ x20 _„, 6x 407x402 24x 6 5 144 Jisec 
t П 2x10? 
Rate in which ice melts 5 ШЕ ura ide Kg/h = шилээ Kg/s 7 1.52 kg/s. 
t cL 339910" 3.4 x10? 
{= 1 тт = 103 т m = 10 kg 


А = 200 ст? = 2 x 107 т? 
Lyap = 2.27 x 10° J/kg 
K = 0.80 J/m-s-°C 
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Heat Transfer 





10. 


11. 


dQ = 2.27 x 10° x 10, 
dQ _ 2.27x10" 
dt 105 
Again we know 
dQ _ 0.80х2х102 х(42-Т) 


= 2.27 x 10? J/s 











dt 1x10? 
So, кыо т) ee 
107 
= 16 x 42 — 16T = 227 = T = 27.8 = 28°C 
К = 45 wim-°C 
{= 60 ст = 60 х 102 т ©, = 40° Q; = 20° 


A=0.2 ст? = 0.2 x 10^ т? 
Rate of heat flow, 


-4 
= KA(01 —02) _ 45x0.2x10 x20 ооз) 














[ 60 x107? 
A=10cm?, h = 10 cm 
-3 
AQ _ KA(0,—0;) | 200x10 x30 - 6000 
^t Г 1x10? 
Since heat goes out from both surfaces. Hence net heat coming out. 
= AQ = 6000 x 2 = 12000, 28 = м 28 
At At At 
-3 -1 A0 
= 6000 x2=10~ х 107 х 1000 х 4200 х АЕ 
28212080 - 28.57 
At 420 


So, in 1 Sec. 28.57°С is dropped 





Hence for drop of 1°C : sec. = 0.035 sec. is required 
28.57 


{= 20 ст = 20x 10? т 
А=О.2 ст? = 0.2 x 10 т? 





0, = 80°С, 0; = 20°C, K = 385 
- =4 — 
а. (0 20) = 385 x 6 x 10% x10 = 2310 x 10? = 2.31 
t ( 20x107 


(b) Let the temp of the 11 cm point be 0 


228252 
Al tKA 20°C 80°C 
AO _ 2.31 "e 


TE 4 
Al  385x0.2x10^ 
0-20 2.31 
= -2 = =a 
11x10 385 x 0.2 х10 
4 
= 9-29 = ЭРО 4449-2 = 33 
385 x 0.2 
=> 0 = 33 + 20 = 53 
Let the point to be touched be 'B' 
No heat will flow when, the temp at that point is also 25°С 








+— 100 cm— ——— 





і.е. Ов = Овс B 
КА(100 – 25) _ KA(25-0) S e h 
So, m 4— х —<+— 100-x — 
100- x х 


=> 75 x = 2500 – 25 x = 100 х = 2500 = x = 25 ст from the end with 0°C 
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12. 


13. 


14. 


15. 





V = 216 cm? 
а = б ст, Surface area = 6 à? = 6 36 m? 
{= 0.1 cm 2-400 W, 
Q _ KA(0, - 02) 
t Ё 
-4 

— 100 = маси х5 

0.1x10^ 

100 8 о 
>К= =a 0.9259 W/m?C = 0.92 W/m°C 

6x36x5x10* 

Given 0, = 1?C, 05 = 0°С 
К = 0.50 w/m-°C, а=2тт=2х 103 т 
А=5х 102 т, v = 10 cm/s = 0.1 m/s 


Power = Force x Velocity = Mg x v 
dQ _ KA(0, - 67) 





Again Power - 

















dt d 
So, Мам = aD) 
d 
» = -2 
ay KA(0;-05) _ ons nd x1 = 12.5 kg. 
dvg 2x10 7x10 x10 
К = 1.7 Wim-°C fw = 1000 Kg/m? | 
Lice = 3.36 x 10° J/kg Т = 10 ст = 10 x 102 т 28 
Ї £ t Q mL 
_ КА(0:-05) _ 1.7 x [0 — (-10)] S 
А. 10x107? x 1000 x 3.36 x 10? 
17 


x1077 = 5.059 x 107 = 5 x 10 m/sec 





3.36 
(b) let us assume that x length of ice has become formed to form a small strip of ice of length dx, dt time 
is required. 
dQ _ KA(A0) is dmL _ KA(A0) E AdxfoL _ KA(A0) 




















dt x dt x dt x —————— 
zi dxfoL _ K(A0) фе хах f oL n 
dt х K(A0) $ 
l 
t t 2 2 d 
[at = foL [хх s foL | х _ foll х 
0 К(А0) Jo K(^0)| 2 2 KA0 2 
Putting values 
5 -2 6 
zje 1000 x 3.36 x 10 x 10х10 _ 3.36 wine вёсг= 3.36 x10 hrs = 27.45 hrs = 27.5 hrs. 





1.7x10x2 7 2x17 2x17 x 3600 
let 'B' be the maximum level upto which ice is formed. Hence the heat conducted at that point from both 
the levels is the same. 








Let AB = х 7 S 
„е. ice = Я water -» КьхАХ10 _ Kwater x Ax4 ! | 

! i X (1- x) ENERO REA IIS 1cm 

4 

1.7 x10 5х10-1х4 17 2 it | 

> = = eo 
Х 1-x x 1-х = = 
17 


=> 17- 17 х= 2х > 19 х= 17 > х = 19 = 0.894 = 89 cm 
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16. 


17. 


18. 


19. 


20. 


Kap = 50 j/m-s-°c 04 = 40°С 
Квс = 200 j/m-s-^c Өв = 80°С 
Kac = 400 j/m-s-°c 0c = 80°С 


Length = 20 ст = 20 x 10° m 
А = 1 ст? = 1х 10 т? 


Qas _ Kas хА(0в – 04) _ 50х1х10 х 40 

















а = 11. 
e | 20x107? 
x -4 
(b) Qac _ KacxA(0c – Өд) _ SERA E = 800 x 10 = 8 
t | 20х10 
(c) Qsc _ Квс хА(Өв – Өс) _ 200х1х10* х0 >й 
t | 20x10? 
We know Q = шинж 
Q, = КА(0,-05) Q = KA(04 —05) 
KA(0, — 04) 
Q, Tr 2r 2 
= = = d4 = лг, 4 = 2r 
Я  KA(0647-0) м m шан pe) 
2r 
The rate of heat flow per sec. 
— dQ, = kA 29 
dt dt 
The rate of heat flow per sec. 
= dQg = kA 995. 
dt dt 


This part of heat is absorbed by the red. 
О  msA0 





- where A - Rate of net temp. variation 








t dt 
., 71849 = kA 994 kA 995 mod 

dt dt dt dt 

аө <=, -4 о 
> 0.4 = 200 x 1 x 10^ (5 — 2.5) *C/cm 
> 04x 5 = 200 x 10^ x 2.5 
-4 

do ..200x29x10 а = 1250 x 102 = 12.5 °C/m 

dt 0.4 x 107? 
Given 


Krubber = 0.15 J/m-s-°C 
We know for radial conduction in a Cylinder 
О  2nxKK(T, — T4) 


t — In(RZ/R4) 


= 2x3.14x15x10 2 х50х10-'х90 
In(1.2/ 1) 








E - Rate of flow of heat 


Let us consider a strip at a distance r from the center of thickness dr. 


dQ _ Kx2nrdxd0 
dt dr 





E 


T2 - T4 = 90°C 


dó, dg 


dt 


= 232.5 = 233 j/s. 


dt 


| 


[dO - Temperature diff across the thickness dr] 








50 cm » 
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21. 


22. 


23. 


K x 2nrd x аб 40 
-э05------- CH 
dr dr 
= с =k2nd de < в 
' Ry, 
Integrating 
Га 4 0, 
=с[ = = K2xd [do = С|юагР = K2xd (0; — 61) 
Г. 


1 64 


=> C(log r2 — log г) = К2ла (82 - 04) = C log (2) = К2ла (05 — 04) 
1 








= К2ла(0, >= 61) 
log(r / r4) 
Т; > T2 
А = (В; - Ry’) 
2 2 
So, @ = КАП; - h) 2 КА(Б, = XT? — T4) 
Considering a concentric cylindrical shell of radius ‘r and thickness Re 
‘dr’. The radial heat flow through the shell 
dQ 40 ; 
= — = – КА — [(-)ve because as г - increases Ө 
dt dt 
decreases] 
A = 21 = —2arl К ЭН 
dt 





or |—-- 


"td 21K 7 
r T fao 
r H 
T, 


R, 
Integrating and simplifying we get 
H- dQ _ 2nKL(T, - T4) - 21KL(T, — T4) 
dt Loge(R; /R4) МК, / R4) 
Here the thermal conductivities are in series, 
K4A(0, —02) К2А(Ө; – 02) 


ч l l2 _ KA(04 -02) | 
K4A(01 – 82) | КА(Ө{—9) 




















I, +l, 
I, l2 ч 
Ky „K2 : 
L d K 
> = 
Ky + K2 1-1, 
L d 
КК, _ К K= (KK3X(4 +15) 
Kcu = 390 w/m-°C Кє = 46 w/m-°C 
Now, Since they are in series connection, 
So, the heat passed through the crossections in the same. 
Or Kcu xAx(0-0) _ Kg xA x (100 – 0) 0°С 





| | 
=> 390(0 – 0) = 46 x 100 — 46 0 = 436 0 = 4600 


>0= dos 10.55 « 10.6*C 
436 
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24. 


25. 


26. 


2T. 


28. 


As the Aluminum rod and Copper rod joined are in parallel 


QL 12) (2) 40°C 
tA teu Be 8'c 
zx KA(0, 05) _ К;А(0; – 02) | К,А(0,-05) 
| | | 
=> K = К; + К; = (390 + 200) = 590 
О _ KA(0,-0,) _ 590x1x10^* x (60 — 20) 
b | р 1 
Кл = 200 w/m-°C Kc, = 400 м/т-°С 
А = 0.2 ст? = 2 х 10° m? 
|= 20 ст= 2 х 107 т 
Heat drawn per second 
_ Ka x A(80 - 40) n Kg, хА(80 —40) _ 2x10? x 
| | 2x107 
Heat drawn per min = 2.4 x 60 = 144 J 
(ОЛ)дв = (О/)ве bent + (Q/t)se 
(О/)ве von = ASL Pe) (Ове = КА 02) 
(Q/t)ge bent 260 6 5 A 
(Q/t)pe 70 7 
= is E B “оос 
(ОЛ)вЕ bent + (ОЛ)вь = 130 F 
= (ОЛ)ве bent + (ОЛ)в 7/6 = 130 +20 ст-><— 60 cm—>+20 ст» 
130x6 _ 
13 





= 590 x 10 х 40 = 2.36 Watt 





= Ол + Qc, 25 [200 +400] = 2.44 








> (8 й 1) (Q/t)BE bent = 130 > (О/)ве bent = 68 


Q 780 x Ax 100 
bent = 
t 70 


Q 390 x Ax 100 E 
t str- 60 5 ст 5 ст | 


(О/1)рет _ 780 xA x100 | 60 12 20 cm 20 cm 


(Q/t) str 70 390xAx100 7 


олысы Жы AO ЗА “доог: 
t ( 2510? 1mm 


(b) Resistance of glass 5 22 + = 
ak, ak, 














Resistance of air = 





a 


Net resistance = Е + Se. or 
g akg ака 


В oA eof 2k, +Ко 
а(к ka а| Кок. 


1х 10-3 erm 

















2 0.025 
0.05 

Q = 81-82 22085005 = 380.9 = 381 W 

t В 15102 1.05 
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29. 


30. 


31. 


Now; Q/t remains same in both cases 
. KAxAx(100-70) | КьхАх(70 -0) 70*C 


In Case Г: - ^ 
=> 30 КА = 70 Кв 
0 





0°С 


КвхАх(100 —0) _ КАхАх(0-0) 











In Case II : 
[ 4 1 
= 100Кв -Kg Ө = Ka Ө 100°C c orc 
й Гк ж] 
100Kg — Kg 0 = — Kg Ө 
> B B 30 B 
= 100 = 7 0+0 >0= 300 _ з0°с 
3 10 
Ө, — 02 = 100 
me лү — 798. СТИ 88 
t R 
ВЮ, +В, +8, = Е ЗӨӨХ: - e E (Set) = 28 
акд ако, акд 200 400 400 а 80 
Q 100 a 
— = 40 = 80 x 100 x — 
t (aus) ^ ( 
а __1_ 
£ 200 
For (b) 


| | | 
К= К, + В, = В, + RaRA = Ва + Вс. Кл ts АК АКс, AK, 
cu * Ra Rou * Ra | | 























+ — 
Acu Ад 
"ERE TO SEE CICER: 21.24 Rec 
AKa А Ka +Kqy А\200 200-400) А 600 Eu Е. 
Q 0,-0, _ 100 _ 100х600 А _ 100x600 1 . 
= = = = х = 75 
t R ((/ AX41 600) 4 | 4 200 
For (c) "rue 
ЖУ Е Иче ЖОК ЭК ИШЕ E 


в В, В, В» | | | 
акла аКс, акд 


= "(Кл +Ка, КА) = = (2x 200 +400) = = (800) 
>В = db rd 
a 800 
О 0,-0, _ 100x800xa 
= - - 
t R | 








_ 100 x 800 - 400 W 
200 
Let the temp. at B be T 
Qa _ Qs | Qc 2 KA(T, -T) _ KA(T- T3) KA(T - T2) 
t t t | 1+ (1/2) 1+ (1/2) 
t-T_T-h T-T, 
| 3/2 3/2 








> ЗТ; 3T = AT - 2(ТЬ + Ts) 


ЗТ, + 2(T, + T3) 


раат - 2(T2 + T3) >T= = 
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32. 


33. 


34. 


The temp at the both ends of bar F is same 


Rate of Heat flow to right = Rate of heat flow through left 


=> (ОЛ)д + (Q/t)c = (ОЛ)в + (Q/t)p 


Ён К,(Т,-Т)А. |, Kc(; - T)JA _ Ka(T-T2)A , Ko(T- T2)A 








| | | 
=> 2Ko(T; - T) = 2 x 2Ko(T — T;) 
-Т,-Т-2Т-021, 








Есте Т, +27, 
3 

Tan ф = Го =» ш (y-n) 
L X 


=> ХГ2 — Xí = yL as ИЕ 
Differentiating wr to 'x' 


—f2—n-7 у о 
ах 











dy 2-1 gy = OV. 441) 
dx L i; 54) 
2 
Now Q - їлугад = BOX - клу2аб 
T dx T 
ВЫ Клу?аө from(1) 
> dð шини 5 
(r2 – Клу 
Integrating both side 
0; E 
QL dy 
> |40 = — 
] (2 = у 
Es бр 
(быз ME = 
(ro -Kr ГУ 
ОЕ ГЕ ЖЕ Ж 
(5-1 Кл [n m 
= (0,-0)- QL jaan 
(ro -r Ka [f [2 





_ Клеть (6 — 01) 

















>Q 
L 
Шы бй = 0.1°С/$ес 
dt 10х60 
dQ _ КА 
— = ——10,-0 
А, -6) 
ш КАх0.1 KAx02 ‚ KAx60 
d | d Кылы H d 
= КА (0140.24... -60) = КА SH x (20.1: 599 0.1) 
[-. а+2а +.......... + na = n/2(2a + (n – 1)a}] 
=й -2 
" a x 300 x (0.2 +59.9) = 200 x10 * x 300 x 60.1 
20x107 20 


3 x 10 x 60.1 = 1803 w = 1800 w 
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35. а= г = 5 ст = 0.05 т 
b = r = 20 ст = 0.2 т 



























































Ө: = Т, = 50°С 92 = T2 = 10°С 
Now, considering a small strip of thickness аг at a distance ‘г. 
А-4лг 
H=-4nr KU [(—)ve because with increase of г, Ө decreases] 
r 
b 2 
- СШ = Eus “40 On integration, 
ar H № 
H= dQ _ к 478b(0, —05) 
dt (b-a) 
Putting the values we get 
ЫА ыыы 2500 
15x107 
15 $ 
>K= т = 2.985 = 3 w/m-°C 
4x3.14x4x10^ 
ag: Sb уна шаа! Rise in Temp. in T; > КА SS T2) 
t L Lms 
Fall in Temp in T, = KAM = T2) Final Temp. Т; = T, о ЕЙ 
Lms Lms 
Final Temp. T; = T; eee) 
Lms 
Final AT = Ta KA(T, - Т) T, KA(T; - Т) 
dt Lms Lms 
eKAC UTI _ dT _ 2KA(T,-T,) TP at -2КА 
= (T,-T) =— = > = dt 
Lms dt Lms (Т)-1,) Lms 
(Т-Т») 
aii gi ра а Sindee rd At. ape КАЕ ote nj US 
(T4- T2) Lms Lms Lms 2KA 
gnome SATA Rise in Temp. in T; > ВАСЕ) 
t L Lm4s, 
Fall in Temp in Т; = SAC UT) Final Temp. T, = T, ‚АЕ 
111555 Lm4s, 
Final Temp. T2 = T; ACE) 
Lm,s, 
АТ _ KA(T, - T2) КА(Т,-15) _ КА(Т,-1,) , KA(T; - 2) 
= Т, T2 ч (T, T2) H 
dt Lm,s, т, Lm,s, т, 
df. ш KA(T, -T,)( 1 "E _, dT  . KA[m;s;«ms), 
dt L m4s, (15852 (T, -T,) L | m,gsym 8s 
> mat = — КА |та aes } -C 
L | 10,54115855 
At time t = 0, T = To, AT = АТ, > C = InATo 
_ KA | тиз +252 t 
= In AT = КА 12$2 + 111454 t> AT =e L | 45411552 
АТ, L \ m,s4m,s, ATo 
"(memes -KA| тагтны } 
АТ = АТ, е LA mism;s, / 2 (T, -T,)e L 5 1.541252 
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38. 


39. 


40. 


41. 


42. 


43. 


О  KA(T, - To) 3 nCpdT _KA(T, - To) 


























t x dt x 1 
_, n5/2)RdT _ KAT, То) _ dT _ -2LA (Ts т) ' 
dt x dt — 5nRx | 
ы 4T 2 2KAd _ үт тү = КАЙ 1 
(Ts - To) 5nRx : 5nRx f 

2KAt 

She ЭМГ ТЕТЕ а Энх 

Te- To 5nRx 
2KAt 2KAt 








=Т= Ts - (Ts - Ty)e 5 = Tg «(Tg +То)е Эх 








„ЖА ,2KAt 
=> AT 2 T- To (Tg - T9) + (Tg - То)е 995 = (Tg Т) + 1+е 518 














2KAt 
Nu (Ts - Tg) + [ | dad [padv=nRdt P,Al=nRdt ат = аы 
nR nR 
2KAt 
nR 3 
= — (Ts – Т) +1 1-е 5х 
а) 
А = 1.6 m?, Т = 37°С = 310 К, o = 6.0 х 10? м/т2-К“ 


Energy radiated per second 
= AoT' = 1.6 x 6 x 10? x (310) = 8865801 x 107 = 886.58 = 887 J 

А = 12 ст? = 12x 107 т? T = 20°С = 293 К 

е=0.8 c 2 6 x 10? wim’-k* 

ч = Ae oT = 12 x 107 0.8 x 6 x 10? (293)! = 4.245 x 10? x 10? = 0.4245 = 0.42 
Е — Energy radiated per unit area per unit time 
Rate of heat flow — Energy radiated 

(a) Per time = Ex A 

eoT^xA _ Алг? 1 














So, Ед = = = 1:4 
"  ecT xA Amr) 4 
(b) Emissivity of both are same 
21048401, _, 
dT, mS, sm xS, | 1хлх900 _ 14838 
dT, mS;  ,4лг/ xS; (34х8лх390 ` 
ч = Ae ст“ 
=т= 0 2T- 109 = 
{еАс 0.8х2х3.14х4х10-5 x1x 6x 107 
= T = 1697.0 = 1700 К 
(а) А = 20 cm? = 20x 10 т>, Т= 57°С = 330 К 
Е = A oT = 20 x 10% х 6x 10? x (330) x 10* = 1.42 J 
(b) 1 = Асет — Т>), A = 20 отг = 20 x 10% m? 
с=6х 10% Т, = 473 К, T, = 330К 


= 20 x 10 x 6 x 10? х 1[(473)* – (330)'] 
= 20 x 6 [5.005 x 10" — 1.185 х 10°] 
= 20 x 6 x 3.82 x 10? = 4.58 w from the ball. 
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44. 


45. 


46. 


4T. 


48. 


г= 1 ст = 1х 10? m 
A = An(10?Y = 4n x 10^ т? 
Е=О.3, o=6x10° 


1 = Асе(Т;* - T2") 


=0.3 x 6 x 10? x 4x x 107 x [(100)* — (300)] 
= 0.3х6х4лх 10° x [1 – 0.0081] x 107 
20.3x6x4x 3.14 x 9919 x 107 

=4х18х 3.14 x 9919 x 10? = 224 = 22 W 
Since the Cube can be assumed as black body 
е={ 

c 26 x 10? м/т -К* 

А-6х25х 10* т? 

m - 1 kg 

$ = 400 J/kg-°K 

T, = 227°C = 500 К 

Т, = 27°C = 300 К 


> цэн = есА(Т." - Т>) 


40 _ ecA[T/^ –т,4) 








= 
dt ms 
_ 1x6x 10° x6 x 25x10 x [(500)* — (300)*] 
Е 1x 400 
36 х 25 х 544 


ао 10-4 = 1224 x 10 = 0.1224°C/s = 0.12°C/s. 


Q = есА(Т - T4.) 
For any body, 210 = eAc[(500)^ — (300)*] 
For black body, 700 = 1 x Ao[(500)* — (300)"] 





Dividing 210 = © 56-93 
700 1 
Ад = 20 cm’, Ав = 80 cm? 
(mS), = 42 J/°C, (108), = 82 J/^C, B 
Ta = 100°C, Тв = 20°С 
Кв is low thus it is a poor conducter and Кд is high. 
Thus A will absorb no heat and conduct all 
(=) = cA, [(373)* — (293)'] > 23213 = СА» [(373)* – (293) 
А А 
N e _ cA, [373 —(293)*|_ 6ж10-*[373)* —(293)*] _ хасаа: 
dt Ja (mS), 42 


Similarly ($) = 0.043 °C/S 
dt Jp 


2 = eAe(T;^ - T4) 








> z = 1хбх 10° [(300)* — (290)] = 6x 10 3 (81 х 10° — 70.7 x 10°) = 6 x 10.3 
Q KA(0;-02) 
t | 
— Q „_ K(06:-02) _ Kx17 у доз КХ17 к. 6х10.3х0.5 4g 
tA | 0.5 0.5 17 
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49. 


50. 


51. 


o = 6 x 10? w/m?-k^ 
Е = 20 ст =0.2 т, КЕ? 


_ KA(0; 05) 
d 


>E SAo(T4 — Ts) 


кы &R-Txd _ 6x10 x(750^ —300^)x2x107' 





Ө, — Ө, 50 
> К = 73.993 = 74. 
v = 100 сс 
A0 = 5°С 
t=5 тіп 
For water 
mSAO0 _ КА 


= — A0 
dt | 


= 100 x 10? x 1000 x 4200 _ КА 
5 | 








For Kerosene 
ms KA 
aber "uo 
E 100 x 10? x 800 x 2100 _ КА 
t | 
= 100х103 х800х2100 _ 100х107 х1000 x 4200 
t 5 
. 5x800x 2100 
~ 1000x4200 
50°С 45°С 40°С 
Let the surrounding temperature be ‘T’°C 
50-45 
2 








=2 min 





Avg. t= = 47.5 


Avg. temp. diff. from surrounding 
T=47.5-T 





= 1 °C/mm 


Rate of fall of temp = 39 = 


From Newton’s Law 

1°C/mm = bA xt 

spe le ae ШЕ ...(1) 
t 47.5-T 

In second case, 


40 + 45 
2 


Avg, temp = = 42.5 





Avg. temp. diff. from surrounding 
t'=42.5-t 


эээ *C/mm 


Rate of fall of temp - 
8 8 





From Newton's Law 
2 = bAt’ 
B 


ay Ps T вл) 

8  (47.5-T) 
ByC&D |Сотропепао & Dividendo method] 
We find, T = 34.1?C 





300 K 


ENS 


800K 750K 
+m — — — 20 м 
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52. Let the water eq. of calorimeter = m 














-3 
(rop -52 2008572 Rate of heat flow 
-3 
(m--100x107)x4200x5 Pate of flow 
18 
2 (m-50x107?)x4200x5 _ (m«100x107)x4200x5 
10 18 


= (т + 50 x 10 3)18 = 10m + 1000 x 10? 
— 18m + 18 x 50 x 10? = 10т + 1000 x 10? 
= 8m = 100 x 10? kg 
= т = 12.5 х 10° kg = 12.5 9 
53. In steady state condition as no heat is absorbed, the rate of loss of heat by 
conduction is equal to that of the supplied. 








Le. H- P 
m = 1Kg, Power of Heater = 20 W, Room Temp. = 20°C 
(а)Н = = = Р = 20 watt 
(b) by Newton's law of cooling 
-40 
—— 5К(0-0 
di ( o) 
—20 = К(50 – 20) > К = 2/3 
.  -d0 2 20 
Again, —— = К(Ө — 09) = 30-20) = М 
9 dt ( o) 3 x( ) 3 
dQ dQ 20 dQ 10 
(c) E = 0, аад mm zu = — 
dt />0 dt jo 3 dt Ж 3 
Т=5 тіп = 300’ 


Heat liberated = > x300 = 1000 J 


Net Heat absorbed = Heat supplied — Heat Radiated = 6000 - 1000 = 5000 J 
Now, тАӨ' = 5000 


zi 29990 29990 нар Kg ^C" 
x 


54. Given: 
Heat capacity = m x s = 80 J^C 


($) = 2 °C/s 
dt increase 


($) = 0.2 °C/s 
dt decrease 


(a) Power of heater = ms{ $) = 80 x 2 = 160 W 

dt increasing 

40 
(b) Power radiated = mS} — = 80 x 0.2 = 16 W 
decreasing 
(c) Now 20) =К(Т- То) 
decreasing 
16 
= 16 = K(30 - 20) эке леб 
аө 

Now, == =К(Т — То) = 1.6 х (30-25) = 1.6 x5=8W 


(d)P.t2H—8xt 
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55. 


40 
dt K(T - To) 
Temp. att = 0 is 0, 
(а) Max. Heat that the body can loose = AQ, = ms(0, — 00) 
(.. as, At = 0, = 00) 
(b) if the body loses 9096 of the max heat the decrease in its temp. will be 
AQ, x9  (0,—05)x9 
10ms 10 
If it takes time ti, for this process, the temp. at t4 


9 100, – 90, — 90 0, —90 
= 04-(0;-09)— = — 1 0-4 ox 
10 10 10 





1 





40 
Now, — --K(0-0 

di ( 1) 
Let6=0,att=0; 80 be temp. at time t 


0 do t 
locns = pi 





or, In ii E 
1790 

ог,0-00-1(0,)-06)е * ...(2) 
Putting value in the Eq (1) and Eq (2) 
0, — 909 

10 
_ In10 
Е. 





— 89 = (81 — Өо) е“ 


>t 


o te he ce 
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CHAPTER - 29 
ELECTRIC FIELD AND POTENTIAL 
EXERCISES 


_ Coulomb? 
ee 
Newton m? 


р kqid2 


r2 


q1 = 42 = q = 1.0 C distance between = 2 кт = 1 x 103 т 

Ка: (9x109)x1x1 _ 9x10? 
2 E Serien 6 
r (2х107) 2° x10 

The weight of body = mg = 40 x 10 М = 400 М 


= ИМТ 








So, force = = 2,25 х 103 № 





’ force between charges 4x10? 5.6 


So, force between charges = 5.6 weight of body. 
q=1C,  Letthe distance be y 
Е = 50 x 9.8 = 490 


4 
wt of body DEBE = (5,6)1= L 


2_ 9x10? 
490 


or x - 18.36 х 107 





2 9.42 

Fe КЧ = 499 = 910 x1 
X 

=> х = 4.29 x10°m 

charges ‘q’ each, AB=1m 

wt, of 50 kg person = 50x g = 50 9.8 = 490 М 


2 
Ес = 2 КЧ =490N 
r 
2. 490xr? _ 490x1x1 


> = - 
Я 9 x 10? 9 x 10? 





=> q = \/54.4х10-9 = 23.323 x 10? coulomb = 2.3 x 10% coulomb 

Charge on each proton = а= 1.6 x 1077 coulomb 

Distance between charges = 10 x 107° metre = г 

kq? _ 9x10? x1.6x1.6x10?? 
2 10-30 

q1=2.0x10  q2=1.0x10® r=10cm=0.1m 

Let the charge be at a distance x from q, 


Force = =9 x 2.56 х 10 = 230.4 Newton 











K kqq — — 
Бут am F2= 2 Ч xm Oram 4 
X (0.1— x) +— 10 cm —— 
_ 9.9x2x10 x10? xq 
= 2 
Now since the net force is zero on the charge q. => f, =f, 


25 кана _ _ kqq2 | 
X (0.1— x) 
= 200.1- у) =% 242(0.1—3)2 x 
— 0.1/2 
1+./2 








= 0.0586 m = 5.86 ст 5.9 cm From larger charge 
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10. 


11. 


12. 





qí22x10*?c q;2-1x*10*c г= 10 ст = 10 х 10° m 
Let the third charge bea so, Е-дс = — F-gc 1 
10x10 m a 
_, каа _ Кад 3 2x10$ _ 1x10 А с 
NUNC DUUM л х 107 -1 x 107 
n р. (10 + х)? x? 2х107с C 
= 24? = (10 + 4 => V2 у = 10 + 4 > x( V2 1) = 100 = 24.14 ст x 


So, distance = 24.14 + 10 = 34.14 cm from larger charge 
Minimum charge of a body is the charge of an electron 





Wo, а = 1.6 x 109 с х= 1ст= 1х 102 ст 
9 -19 -19 
So, F = кана = 9x10 кеске x10 = 23.04 x 1099??? = 23.04 x 107 = 23 x 10-24 
r 10 ^ x107 
10 x 100 


No. of electrons of 100 g water = ЕТА = 55.5 Nos Total charge = 55.5 


No. of electrons in 18 g of H20 = 6.023 х 10? х 10 = 6.023 х 105 


24 
No. of electrons in 100 g of H,0 = 8:023 х = X100 _ 9 334 x 102 = 3.334 x 105 
Total charge = 3.34 x 10? x 16 x 10? = 5.34 x 10°c 
Molecular weight of H2O = 2 x 1 x 16 = 16 
No. of electrons present in one molecule of H20 = 10 
18 gm of H20 has 6.023 x 10? molecule 


18 gm of H20 has 6.023 x 10? x 10 electrons 


24 
100 gm of H20 has a: x 100 electrons 





6.023 x 1078 











So number of protons = ~g protons (since atom is electrically neutral) 
-19 26 7 
Charge of protons = коле конга coulomb = шөлөө ӨС, coulomb 
18 18 

7 

Charge of electrons = = шаах coulomb 
9x 10? 1.6 x 6.023 x 107 1.6 x 6.023 x 107 

18 18 

Hence Electrical force = IG 
(10x107^) 

- SE: x 6.023 «102° = 2.56 x 10? Newton 


Let two protons be at a distance be 13.8 femi 
_ 9x10? x1.6x 10:28 
Pe 2 30 
(14.8) x107 
F=0.1N 
г= 1ст 10° (As they rubbed with each other. So the charge on each sphere are equal) 
2_ 01х107 2 


2 К192 ка? 1 49-14 UE 
So, Е = “92 201- а= аа x10 qs x10 
г? 00:22 +1 әх 73 9 92 3 


= 1.2 М 








1 


1.6 x 10? с Carries by 1 electron — 1c carried by — —— —5 
1.6x107 


0.33 x 10°’ c carries by aps 059 +107 = 0.208 x 10" = 2.08 x 10" 
Ох 





29.2 


Electric Field and Potential 





13. 


14. 


15. 


16. 


17. 


18. 


19. 














9 -19 -19 -29 
ЕЖ каа; _ 9x10 аре x10 _ эши. 27078977) 
r (2.75 х10-'9) 7.56 x 107 
Given: mass of proton = 1.67 х 10 kg = M, 
k=9x 10° Charge of proton = 1.6 x 10 ^ c = C, 
G = 6.67 х 107! Let the separation be ‘г 
k(C, )? G(M, 
E (Сь) | > МЫ 
r 
K(C 2 2 9 чүү-19 ү2 
Now, Fe : Fg = (Co Siu гэл ээ (108107) =9 x 2.56 x 103 = 1,24 x10? 


r? G(M,)? 6.67 x107" x (1.67 x 10-7”)? 
КГ 
Expression of electrical force Е = Схе E 


А КУА : А dim ensional formulae of C 
Since е is a pure number. So, dimensional formulae of F = 





dim ensional formulae of r? 


Ог, [МЕТ "^][L?] = dimensional formulae of C = [ML?T ?] 
Unit of C = unit of force x unit of r? = Newton x m?  Newton-m? 
Since —kr is a number hence dimensional formulae of 

1 


к= — - = 77 Unit of k = т! 
dim entional formulae of r 





Three charges are held at three corners of a equilateral trangle. 
Let the charges be A, B and C. It is of length 5 cm or 0.05 m 
Force exerted by B on A = Е; force exerted by C on A = F2 


So, force exerted on A = resultant F4 = F2 
9 -12 
=F К _ 9x10 Е = 3610 =144 
r 5x5x10- 25 


Now, force on A = 2 x F cos 30° since it is equilateral A. 








= Force onA=2 x 144x = 24.94 N. 


q1 = q2 = q3 = q4 = 2 х 10° C A B 
у= 5ст= 5 х 102 т 


so force on С = Fo, + Fog + Fop 








= = C 
so Force along x Component = Кєр + Fea cos 45? + 0 D Fcp 
_ k(2x10®)? k(2x10) 14. . 2 1 | 1 E 
(5x10? (5x102)? 2/2 25 10:35 5042x104 Fon ©А 





9 -12 
ши! шэнэ i 1.44 (1.35) = 19.49 Force along % component = 19.49 
24 x107 2/2 
So, Resultant В = JFx? +Fy? = 19.4942 = 27.56 
R = 0.53 А° = 0.53 x 10 m 
p. Ка 9x10? х1.6х1.6х10-38 


= = 82.02 x 107 № 
r? 0.53 х 0.53 х 1019 «10—19 


Fe from previous problem No. 18 = 8.2 х 107 № Уе-? 








Now, M, = 9.12 x 1077 kg г= 0.53 х 10? m 
2 -8 -10 
Now, Fe = Ме сүйн Fexr 8 2х х0.59х10° L 0.4775 x 10° = 4.775 x 10 más 
r Me 9.1х 1077 


= у = 2.18 x 10° m/s 
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20. Electric force feeled by 1 c due to 1 x 10? c. 


21. 


22. 


23. 











-8 
Е. = Е =Кх 108 №. electric force feeled by 1 c due to 8 x 10? c. 
(10x 1072) 
= кх8х10 х1 = кх8хх107 x10? Ё 28k x 10-8 тархаад 
(23 x 1077)? 9 4 | 
-8 
Similarly Ез = EE = 3k x 10Ê N 
(30х10-2) 
So, F = F4 + F + F3 + ...... + Ро = Кх 108 (1+2+3+......+10) М 
=kx10°x M = 55k х 10°=55 х 9 х 10° х 10 N = 4.95 x 103 N 
2 r=1m 
Force exerted = zn [3 ——————— ——H1 
qı 91 


_ 9x10? х2х2х10-16 
12 

qı =q2=2x10”c m=100g 

1=50cm=5x10°m d=5x10°m 

(a) Now Electric force 

popi = 9х10° riot 
r? 25x10^^ 

(b) The components of Resultant force along it is zero, 

because mg balances T cos 0 and so also. 

F=mg=Tsin0 

(c) Tension on the string 

TsinO-F T cos 0 = mg 

DZ 0.144 

mg 100х103 х9.8 

But T cos 0 = 10? x 10? х 102 1 № 





= 3.6 x 107° is the force exerted on the string 





N = 144 x 10° N = 0.144 № 





Тап 0 = = 0.14693 





T= cH - sec 0 
cos 0 


ap. 
sino ' 
Sin 0 = 0.145369 ; Cos 0 = 0.989378; 


q-20»10*6 n=? T=? Sino- 1. 














20 
Force between the charges eem 
9 -8 -8 
F- Канд _ 9x10 ‚ми EN -4x410?N 
r (83x10 ^) 
-3 
та sin 0 =Е => т = Е За = 8х 10? = 8 gm om 
д509 10x(1/20) A Е. 
ГЭ 0| 
2 \ 20 / 
Cos Ө = J4-Sin?e = 1-1 = 40071 =0.99 = LT / T120 
400 400 | \ | 


/ 
| 4 N 1cm / 1с 
So, T = mg cos Ө «+ 
Or T = 8х 10 3 10 0.99 =8х 10° М malt 2 
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24. 


25. 


26. 


2T. 


28. 


T Cos 0 = mg 440) 
T Sin 0 = Fe ...(2) 
2 
Solving, (2У(1) we get, tan o = EE = КЧ 1 
mg r mg 


2 |  9x10?xq? 


=» 
41596 (0.04) x 0.02x 9.8 
2. (0.04)? x0.02x9.8x2 _ 6.27х10* 





























>q =17 *:107 5c? 
9x10? x 4/1596 9x10? x 39.95 
>q = ү17х107'6 24.423 x 10? с А 
2 2 
Electric force = КЧ a А. 2 
(4 sinQ + / sin О) 4(* sin 
So, T Cos 0 = ms (For equilibrium) T sin 0 = Ef 
Or tan 0 = SE 
mg 
2 2 
= mg = Efcot0- — ka” coto = i БОШУ, _,„ 
4° sin* Ө (< sin^ 0167E, 
q? cot 0 
16zEg/^Sin^0g 
Mass of the bob = 100 g = 0.1 kg шин шижин 
So Tension in the string = 0.1 x 9.8 = 0.98 М. 10 cm mg 
For the Tension to be 0, the charge below should repel the first bob. 
2x10*C 
= F = КФ T-mg*F-0—T-2mg-f T=mg DUNT 
r 
9 -4 -2 
— 0.98 - 3x10 istis x q2 > ф = 0.98110“ _ 9 954 x 10° N 
(0.01) 9x2x10° 
Let the charge on C =q 
So, net force on c is equal to zero A C 2q 
— —— 
Аа E 
So Рус Бах =0, But Fac = Fec => КАО = 20 x> ——dx—B 
x (d - x) а 
> 2х? = (4-х) 2 2х=а-х 
х--4 224 „(2-9 . aug 
42-1 (4241) (42-1) 
For the charge on rest, Fac + Fag = 0 
(2.414? n +4929) =0 > “Ч [2.41429 +24] =0 
d d d 
—2q--(2414Yy О 
2Q-—— 2 —q- < = (0.343) а = -(6 - 4 V2) 
—(/2 +1)? 34242 | 
К = 100 N/m {= 10 ст = 10-1 m q = 2.0 x 10° c Find t=? 
9 -8 -8 
Force between them Е = кана аа 5 х2х10_ .36x107N > 
r 10^ 
5 Q4 e€— — YP ^V ^^——————e 02 
$о,Е =-кхогх=-__ = 30x10 _ 36 х 10" ст = 36 x 105 m 
-K 100 
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29. 


30. 


31. 


32. 


qa=2x10°C M,=80g u 70.2 
Since B is at equilibrium, So, Fe = uR 4— 10cm — 
= “dade =uR=umxg 


9x10? х2х10 хад -02x0.08x98 а Fe 
0.01 
_ 0[2x0.08 x 9.8x 0.01 
9x10? х2х10-8 
qi=2*x 10 °c Let the distance be r unit 
kqid2 


B F repulsion Е 2 
r 





>q =8.7 x 10°C Range = +8.7 x 10°C 








For equilibrium каш; = mg sin Ө P 
r 





9 -12 
c; 9x10 ATO =mx9.8x 1 di 
r 2 


2. 18x4x10? 72x10? 
|. mx98 98x10^ 

= г = 2.70924 x 107! metre from the bottom. 

Force on the charge particle 'q' at 'c' is only the x component of 2 forces 


So Fonc = Fos Sin @+Fac Sino Ви Fcs| = [Fac] 


>r = 7.34 x 10? metre 





KQq х 2) 2k0qx 16kQq 


4 x 
x^«(d2* [24° +d? (ах? +a)? 





= 2 Fog Sind = 2 


For maximum force d -0 
dx 


(4x? +4?)- х 3/2 наах) 
-0 





d| 1600 | од 
[4x? + d?? 


ах (4x2 N a?" 





2 Q2y/2[/442 4233 4942 
_, Ках? +42) [4х2 +02)? —12х? | 








=0 = (4х? «d^y = 12 x” 





(Ax? + d? B 
= 16 xf + d^ + 8х2а? = 12 x? 0+8 х2 4-0 
5 Ф=0 @+8x2=0 od =s а= 9. 
242 

(a) Let Q = charge on A & B Separated by distance d 
q=chargeonc displaced 1 to -AB 
So, force on 0 = Fag + Њо 
Ви Едо Cos Ө = Fgo Cos Ө 
So, force on ‘0’ in due to vertical component. 
F - Fao Sin 0 + Feo Sin 0 ло = Fsol 
= 2— KAA 5ге pe Kd sng 

(d/2* +x“) (d/2)* +x 
- 4x2xkQq x > = 2kQq X = Electric force = F œ x 





(9 +4х2) [d/2p +x"?  (/2)-х2 072 
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33. 


34. 


35. 


36. 


37. 


2kQq 











npn ЖОШ у а= Ё = : =. 
(d^ / 4) m mj|[(d^/4)«/4 
З 1 é А 
So time period T = ай - э 
9 а 
Е, = KQq Bou KQq 
ADI DU CAT 2 t Casts 
(4 * X) (0-х) Ae Е 
1 1 4—1+ Ег са = 
Net force = KQq 5 5 * 720 
(0-х) (+x) 


_ (+x)? (6-х)? | _ 4x 
Kadj (¢+x)?(¢—x)? | Ka) s 


x««« | = 4/2 neglecting х w.r.t. £ We get 


а E ша аа но 
4 4 mé 


5 3 3 
Time period = 2n [displacement = 2л xm“ _ 2n m£ 
acceleration 4KQqx 4KQq 


2 73 873 8, 43172 
_ [4n mé 4ngg _ [4n mbeo _ Алд md?s,8Qq _ | rz md'go 
4Qq Qq 2Qq 


net F = 





























Fe = 1.5 х 10? М, а= 1х 10% С, Fe=qx E 
3 
sez fe = 18x10" 45.0 МС 
q 1x107 
q2=2x10C, -qdis-4x10 С. г= 20 ст = 0.2 т 
(Е, = electric field due to q4, E» = electric field due to 42) 
2 = _ 4\2 = -6 
£ ху m „б st eU ed 
Х Q4 X Q4 2x10 2 
2[t-1|--L 2.1.2 524414 472414 
x J2 1414 x 
xut 2 20 ыо 
2414 2.414 
r Ч 2F Cos 30? 
9 -- 
ewes 19-59 “нь | 
4 Dj 
-2 Зо » 
4х20:10” о Q-888x 10" - 
9x10 
m=10, mg= 10x 10? g x 10? kg, q=1.5x10°C qE 


But qE = mg = (1.5 x 109) E = 10 x 10° x 10 


-4 
к= 10х107 510100 ёс cu 


1.5х1079 1.5 


3 541 
_ 100x10 г 10 - 66x10? 
1.5 15 
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38. а= 10x10? C, 1-20ст 
E-? V=? 





Since it forms an equipotential surface. 1.0 x 10° 
So the electric field at the centre is Zero. 2x10'm 
- Sa x1o7y - (1071)? = ‚хло? AQ 
1.0 x 10? 10x10?C 


5 2 Їо:2(4-1) = 21072 х 1.732 = 1.15 x10 


_ 3х9х10%1х10% 
1x107 
39. We know : Electric field 'E' at ‘P’ due to the charged ring Q 


- КОх _ КОх 
(В? + х2)272 R? A 


_ qxKxQx 
Phas ш 


© 


= 23 х 10? = 2.3 х 103 V 








Force experienced ‘F’ = Х —*mq 


Now, amplitude = x 


3 2 3 
So, Т = 2л a, ferum ы" x 4nggmR 
=. т? > 2 к = qQ 


3 
ES m вот 1 




















qQ 
= | -Q 4 
40. à = Charge per unit length = L орол 
\ / 
| 
dq; for a length dl = à x dl ES s 
г Ї L 
UE _, dq LIN 
Electric field at the centre due to charge = k x га С 
r dt 
р 
The horizontal Components of the Electric field balances each other. Only the 
vertical components remain. 
". Net Electric field along vertical 
de=2Ecoso= ГАЧ согы = ое xAxdi — [butdo = f= qt = rag] 
r r r 
э PS Coso x rdo = 2 совох 0 
2 20. жм _ 2KO 
orE- poe х40 = E nð = — = —— 
r Lr 
L 
but =лК=г=— 
T 
SoE- 20 _ 2k0 2 , 9 E. 
Lx(L/n) LV? 4лєр 12 2662 
41. G- 50 uC = 50x 10°C Q | 6 
+ | 
We have, Е = эс for a charged cylinder. ИН d 
r * QE 
9 -6 -5 + 7 Q 5 Q 
g= 2x9x10 x50x10 ° _ 9x10 = 1.03 x 105 MP 
543 543 Q 
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42. 


43. 


44. 


45. 


46. 


4T. 


Electric field at any point on the axis at a distance x from the center of the ring is 
= xQ t KxQ 
Ang (R? +х2)312 B (R? 1 x2)3/2 
Differentiating with respect to x 
dE | KQ(R? + x^"? —KxQ(3/2)(R? + x?)'/?2x 
dx (r? +x?) x 
Since at a distance x, Electric field is maximum. 
dE 








= 0 > КО (В? +x)? — Kx? Q3(R? +x) = 0 
= КО (R? ex?) = Кх? Q3(R? + x5)? = В? + x? =3 x? 
2 


42 
Since it is a regular hexagon. So, it forms an equipotential surface. Hence the charge at 
each point is equal. Hence the net entire field at the centre is Zero. 
Charge/Unit length = 2322 à ; Charge of df = с 
2па 2ла 


Initially the electric field was ‘O’ at the centre. Since the element ‘а? is removed so, net electric field must 
Kxq 





Where а = charge of element df 








a 
Es Ка. 1 х даг, E _ Qd 
a? 4ne, 2ла а 8n?cga? 
We know, 
Electric field at a point due to a given charge | цагны 
| | | 
io Ка 2 НЭЭС : d! | | 
Е’ = FI Where а = charge, г = Distance between the point and the charge | | | ям q 
salvus gy 
1 q MES 
So, ' x-7 [.. г= 'd' here] 
PARES d 4 d — 
E- хусны m = 80 x 10? kg, с=20х 10°С мээн 
ЧЕ y . 
tan Ө = [T Sin 0 = mg, T Cos 0 = qe] 
mg 
qE 





-1 = 
_ (251078 «20x10? zc 
tan Ө = 5 - 
80x10 ^ x10 2 
1 2 
[Cos 0 = —,Sin0 = —] 
45 45 


- 80 x 10? x 10 


Ол 


4+tan?o= 1+1 = 
4 


T Sin Ө = mg > Tx—— 


8х 10-1 8x104 x V5 
шаг i 


4 
2 
45 





=Т= = 4x45 x10% = 8.9 х 10^ 


Given 


и = Velocity of projection, E - Electric field intensity 


q = Charge; m - mass of particle Чы; 

We know, Force experienced by a particle with charge 'q' in an electric field Ё- qE — E 
qE ===", 

2. acceleration produced = — m 
m T 
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48. 


49. 


50. 


51. 


As the particle is projected against the electric field, hence deceleration = ЧЕ 
m 


So, let the distance covered be 's' 
Then, v? = и? + 2as [where a = acceleration, v = final velocity] 


2 
Here 0 e и2-2х%ЁЕх8 > = ЧМ units 
m 2qE 


m=1g=10°kg, u=0, 4-25х10“С,Е-12х10 № ; $ S2 40cm-4x 105 m 
а) Е = qE = 2.5 x 10% x 1.2 x 10f=3N 


E, = mg = 10? x 9.8 = 9.8 x 10° N 


= 
b)S= 3 46 pee = aa = 1.63 x 10? sec 
2 V9 3x10 


М? = и? + 2а5= 0 + 2х Зх 10° х4х 107” = 24 х 10? > у= 424x10? = 4.9 x 10 = 49 m/sec 
work done by the electric force w = Fotd=3x4x10' -12х107 = 1.2 Ј 

т = 100 4, q = 4.9 х 10°, Е, = mg, Ре = qE 

E 22x10! МС 


So, the particle moves due to the et resultant R ara 4 








R= JF, +Е,2 = (0.1% 9.8)? + (4.9 x10? x2x10^4)? 





- 0.9604 + 96.04 x 10? = 41.9208 = 1.3859 М 


Fg 
tan0= 9% = —ї = So, 0 = 45° | 
Ез qE | 
-. Hence path is straight along resultant force at an angle 457 with horizontal | 
Disp. Vertical = (1/2) x 9.8 x 2 x 2 = 19.6 т mg R 


Disp. Horizontal = $ = (1/2) а = 1x 9E xt? = 1, 0:98 
2 2” 04 


Net Dispt. = (19.6)? + (19.6)? = 4768.32 = 27.7 m 


т = 409, а=4х 10° С 


x2x2 = 19.6 т 





Time for 20 oscillations = 45 sec. Time for 1 oscillation = = sec 


When no electric field is applied, Т = 2x $ > aoc 2n 8 | ЧЕ 
9 20 10 т 





2 2 
4 EJ к = (45)* x10 - 4.2836 


> = = {= 
10 (20 n? (20)? x 4x? 
When electric field is not applied, 


T= 2x] 5. [а= ЧЁ 225] = 2 | 1:236 
gm m 10 -2.5 


Time for 1 oscillation = 2.598 

Time for 20 oscillation = 2.598 x 20 = 51.96 sec = 52 sec. 
Е = дЕ, = Кх 

Where х = amplitude 

-qE 

K 


= 2.598 





qE = – Кх огх = 
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52. 


53. 


54. 


55. 


56. 


57. 


The block does not undergo. SHM since here the acceleration is not proportional to displacement and 
not always opposite to displacement. When the block is going towards the wall the acceleration is along 
displacement and when going away from it the displacement is opposite to acceleration. 


Time taken to go towards the wall is the time taken to goes away from it till velocity is 

d = ut + (1/2) a? 

> d= 1 x qE x t2 
2 m 


—{= 2M Е 2md 
qE qE 


.. Total time taken for to reach the wall and сот back (Time period) 


=2{=2 2та _ 8md 
qE qE 
Е = 10 п/с, S = 50 ст = 0.1 т 


Es Ñ of, У=Ехг= 10% 0.5 = 5om 
r 





Now, Vg — Va = Potential diff = ? Charge = 0.01 C 
Work done = 12 J Now, Work done = Pot. Diff x Charge 








— Pot. Diff = RUE 1200 Volt 
0.01 
When the charge is placed at A, 
Е; = Ка!9> + Казал 2x107 A 2x107 
r r hm 1 2s 
_ 9x10?(2x107)? 9x109?(2x10 7» A vá 
= 01 | 0.1 20 cm Зо cm 
9 -14 B 
oes - 72x 10^ J 


When charge is placed at B, 


Е, = Kade | Каз: _ 2x9x10? x4x1074 НО 
r r 0.2 
Work done = E, - E; = (72 – 36) x 10^ = 36 x 10% J = 3.6 x 10? J 
(а) A = (0, 0) В = (4,2) 
Vs- Va = Еха= 20 х 4/16 =80V 
(b) A(4m, 2m), B = (бт, 5m) 
=>Vp-Va=Exd= 20x (6-4)* =20x2=40V 
(с) A(0, 0) B = (бт, 5m) 
=> Vs- Va =E x d = 20x4(6-0)? -20х6-120У. 
(a) The Electric field is along x-direction 
Thus potential difference between (0, 0) and (4, 2) is, 
8V =-Е x ёх = — 20 x (40) = - 80 V 
Potential energy (Ug — Ua) between the points = 5V ха 
= — 80 x (-2) x 10 = 160 x 10'* = 0.016 J. 
(b) A = (дт, 2m) В = (бт, 5m) 
У =-E x x=-20x2=-40V 
Potential energy (Ug — Ua) between the points = ôV x q 
=— 40 x (-2 x 107) = 80 x 10% = 0.008 J 
(c) A = (0, 0) B = (6m, 5m) 
У = — E x 5х = — 20 x 6 = — 120 V 
Potential energy (Ug – ЧА) between the points A and B 
= V x q = — 120 x (—2 x 10%) = 240 x 107 = 0.024 J 
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m 


DES (i20 + 30) МСУ = at (2m, 2m) г = ( 2i + 2j) 








So, V -Exr --(i20 + 30J) (21 + 2j) = -(2x 20+ 2x 30) = – 100 V 
= i x Ах = 100 Ï 
0 10 10, Y 
[ov --|Еха/ = - [10xxdx = - [2106 
V 0 0 P(10, 20) 
4 
0-У- -|г ра = – 500 = V = 500 Volts 20 
2 + х 
. М(х, y, 2) = А(ху + yz + zx) 4 10 > 
Volt _ MLT”? FE 
а) А= — = —, =[МТ`ї 
(a) rc E ] 
(b) E ПЛК ЕОР 2 [A(xy + yz + zx)4 P [A(xy + yz + zx) D [A(xy + yz + zx) 
ох бу 02 бх бу б2 





- [Ау | Az)i + (Ax + Az)j + (Ay + Ах = – А(у + 2) + A(x + z)j + A(y + X)k 
(c) А = 10Sl unit, г= (1m, 1m, 1m) 
= 10(2)i – 10(2)j – 10(2) К 2 -20i -20j - 20 К = 420? +202 +202 = 1200 = 34.64 = 35 NIC 
: ба» = 2х 10°C 
Each are brought from infinity to 10 cm a part = 10 x 10? m 
So work done = negative of work done. (Potential E) 


10 9 -10 
РЕ- [Fxas P.E. = ds: 9x10 NOS ас) 











r 10x10? 


. (a) The angle between potential E d£ = dv 
Change in potential = 10 V = dV 
As E = Lr dV (As potential surface) 
So, E dt = dV = E df Cos(90° + 30°) = - dv 
= E(10x 10) cos 120? = – dV 

-dV 10 

















E- - = 200 V/m making an angle 1207 with y-axis 
10 x 107? Cos120? 107! x (-1/2) ss 30 v 
(b) As Electric field intensity is 1r to Potential surface i 
у xo 
гб к= Чы ык К еду, sA 
r2 r r K 30 v 
20v 
kq 6xk 6 
Зо, Е = — = v.m = — v.m 
r? kxr? r? 
. Radius =r So, 2лг = Circumference 
Charge density = A Total charge = 2ar x X 
Electric potential = Ка cd x SEM um = Z5 
r 4n£g (х r^) 2€9(x* ^r^) 
So, Electric field = V cose 
r (г2 +x?) 
Z rA " 1 
250 (х2 4 r2)/2 (х2 +г?у? 
rà X Е ГАХ 











х = 
2:0 trey? (х2 +12)72 2e 41282 
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64. 


65. 


66. 


67. 


68. 


69. 

















E - 1000 N/C 
(а) V=E x а = 1000 x 2 =20V 
100 
= 2cm 
(b)u=? Е = 1000, - 2/100 m E | 
-19 rs S 
22 Е _ qxE _ 1.6x10 * x1000 = 1.75 x 10^ m/s? 
m m 9.1x 10:77 
0 =u? -2x1.75x 10" x 0.02 = u^ = 0.04 x 1.75 x 10 => и = 2.64 x 10° mis. 
(c) Now, Ч = u Cos 60° V=0, s=? u cos 60° 
а = 1.75 х 10" m/s? V? = ц? – 2as 
3 E, |607 
e. 1 Ї 
(uCoseosp _ (20410 *5] — 475,402 
- = aS ов 14 = 0.497 x 10? = 0.005 т = 0.50 cm 
2xa 2x1.75x10 3.5x10 
Е =2 МС in x-direction 
(a) Potential aat the origin is О. dV = — E, dx - Ej, dy - E; dz 
>V-0=-2x>V=-2x 
(b) (25 – 0) = – 2х >x=-12.5m 
(с) If potential at origin is 100 v, v—1002-2x М=- 2х + 100 = 100 – 2x 
(d) Potential at о IS 0, V-V'z-2x = М = М + 2х = 0 + 20 > У = о 
Potential at origin is oo. No, it is not practical to take potential at o to be zero. 
Amount of work done is assembling the charges is equal to the net 
potential energy 2x 10°C 5 
So, Р.Е. = U42 + Ui5 + Оз 
Кана» Ка, К Кх10- T cm 
== з у opas c eec хоо халэх2| 
he газ гәз г 1 3 
9 -10 4x10°C 3x10°C 
= rcm (812-6) 29x 26 = 234 J 


К.С. decreases by 10 J. Potential = 100 v to 200 v. 
So, change т К.Е = amount of work done 
=> 10J = (200 – 100) v x qo = 100 qo = 10 v 
10 
> qo = 100 =0.1С 
KQ _ 9x10°x2x104 
r 410x107? 


7 О «— — — —— 10 cm > О 
1.8x10 


Е= тха=а= —— —. = 1.8 х 10° ms? 2х 10 с 2х 10 с 
10x10? 


V? — и? = 2as > V? = и? + 2as 
V= \/0+2х1.8х10-3 х10х10-2 = V3.6 x10% = 0.6х 10-2 =6 x 10° m/s. 
Ч1= 4 24x 105; $ =1т, т= 5 9 = 0.005 kg 


т = 109; F= F=1.8 x107 














2 9 -5 2 
_ ‚9 _ 9x10" x(4x10°)* . АВ 
кек св 2 =14.4N а EUN 
+ 1m » 
Acceleration ‘a’ = © = 144 = 2880 m/s? 
0.005 
Now u = 0, $ = 50 ст = 0.5 т, а = 2880 m/s?, М =? 


V? =u? + 2аз > V^ = = 2 х 2880 x 0.5 
=> V = ¥2880 = 53.66 m/s = 54 m/s for each particle 
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70. 


71. 


72. 


73. 


74. 


75. 


Е = 2.5 х 104 Р= 3.4 х 107° т= РЕ ѕіп Ө 

=РхЕх1=3.4х 10799 x 2.5 x 10° 285107 

(a) Dipolemoment = q x £ 5 B 

(Where q = magnitude of charge {= Separation between the charges) -2х106С -2x10? 
-6 2 -8 1 cm ———> 

=2х 10 x 10° ст=2х 10" cm 

(b) We know, Electric field at an axial point of the dipole 








9 -8 де т В 

2 ARE _ 2x9x10 2 = 36 x 107 NIC lo 

r (1x10 ^) 14 1 ст ж 
(с) We know, Electric field at a point оп the perpendicular bisector about 1m M t 
away from centre of dipole. 4 

9 -8 A B 

- ын _ 9x10°2x10 - 480 N/C О 

r 13 


Let -q & -q are placed at A & C 
Where 2q on B So length of A 7 d 
So the dipole moment = (а x d) =P 
So, Resultant dipole moment 

P= [(да)? + (qd)? + 244 х qd Cos 60° = [3 424?" = {3 qd = {ЗР 
(a) P = 2ga 

(b) E, Sin Ө = Е sin Ө Electric field intensity 
= Е, Cos 0 + E; Cos 9 = 2 E, Cos 0 











Е. = К сор = 2KPQ а _ 2каха 
1 a? +d? а? + а2 (аг d^)? (а? -а2)72 
When a «« d z Ba. _PK_ 1 P 








(d2)3/2 d? Е 4ле) d? 
Consider the rod to be a simple pendulum. 


1 22 = rm Ч — 
For simple pendulum T= 2x4//g (£= length, а = acceleration) Е Е 
Now, force experienced by the charges -q er 





F = Eq Now, acceleration = E = 


m 
— > 
Hence length = а so, Time period = 2л а = 2n ша 
(Ед / тп) Eq 


64 grams of copper have 1 mole 6.4 grams of copper have 0.1 mole 


з |1 
У 





1 mole = No atoms 0.1 mole = (no x 0.1) atoms 
= 6 x 10? x 0.1 atoms = 6 x 10” atoms 
1 atom contributes 1 electron 6 x 1022 atoms contributes 6 x 1022 electrons. 
BRA 
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CHAPTER - 30 
GAUSS'S LAW 


Given: E = 3/5 Ep i + 4/5 Ej 

Eo = 2.0 x 10? М/С The plane is parallel to yz-plane. 

Hence only 3/5 Eo i passes perpendicular to the plane whereas 4/5 Eo Ї goes 
parallel. Area = 0.2m? (given) 

-. Flux = E+A = 3/5 x 2 x 10° x 0.2 =2.4 x 10° Nm?/c = 240 М№т2/с 

Given length of rod = edge of cube = t 


Portion of rod inside the cube = 1/2 ке |9 





Total charge = О. 
Linear charge density = X = ОД of rod. E 

We know: Flux a charge enclosed. 
Charge enclosed in the rod inside the cube. 

= 1/2 & x ОД = Q/2 £o 


As the electric field is uniform. 
Considering a perpendicular plane to it, we find that it is an equipotential surface. Hence 


there is no net current flow on that surface. Thus, net charge in that region is zero. 


m: 


Given: E = Бол {= 2ст, а = 1ст. 


Ео = 5 x 10? NIC. From fig. We see that flux passes mainly through surface 
areas. ABDC & EFGH. As the AEFB & CHGD are paralled to the Flux. Again т д 
ABDC a 7 0; hence the Flux only passes through the surface are EFGH. 


Е= Ej 














5x10° xa 2 25x10? ха? 5X10" (0:01)? 


Flux = Ё0® x Area = =2.5 x10” 
L ( П 2x107? 
Flux = a 50, q = & х Flux 
0 


= 8.85 х 10-2 х 2.5 х 10 ' = 2.2125 х 10 ^ c 


According to Gauss's Law Flux = a 
20 
Since the charge is placed at the centre of the cube. Hence the flux passing through the 
six surfaces 5 225 6 = 2 
£o 20 


Given — А charge is placed o a plain surface with area = a’, about a/2 from its centre. 
Assumption : let us assume that the given plain forms a surface of an imaginary cube. Then the charge 
is found to be at the centre of the cube. 
Hence flux through the surface = 2 x 185 285 
50 6 629 
Given: Magnitude of the two charges placed = 10 7c. 
We know: from Gauss's law that the flux experienced by the sphere is only due to $ 
the internal charge and not by the external one. Q 
i -7 
Now [Еа = Big, 10 = = 1.1 10° N-m?/C. 
£o 8.5х10- 


+m 2R — 
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Gauss's Law 





10. 


11. 


We know: For a spherical surface 
Flux = {ё = [ру Gauss law] i> 
20 
: q 1 q = 
Hence for a hemisphere = total surface area = — х — = —— 
£9 2 266 
Given: Volume charge density = 2.0 x 10 ^ с/т? 


In order to find the electric field at a point 4cm = 4 x 10? m from the centre let us assume a concentric 
spherical surface inside the sphere. 





Now, feds = 
50 
Buto = — Ч во, д=сх 4/3 n R? 
4/3nR 
ox 4/3x22/7x(4x107) 1 
Hence = x 


£0 4х2217х(4х10-2)? 
1 

8.85 х10-12 

Charge present т a gold nucleus = 79 x 1.6 x 107 ^C 


=2.0 x 10% 1/3 x 4 x 10? x -3.0х 10? N/C 


Since the surface encloses all the charges we have: 


q _ 79x1.6x10- 
£o 8.85 х107' 


d 79х1.6х1079 1 
eds 8.85x10 7 4х3,14х(7х1077) 
- 2.3195131 x 10?' N/C 
(b) For the middle part of the radius. Now here г = 7/2 x 10 ^m 
Volume = 4/3 тг? = 48х22 „343 „10-45 
3 7 8 


Charge enclosed = © x volume | 6: volume charge density] 


-19 
But C= x charge - дээ C 
нис (5 тхээхлог 





(8) fEds = 


> [-агеа = 4пг?] 














-19 -19 

Net charged enclosed - = не х : nx T = DRE 
HL 
3 
Ede = q enclosed 
20 
-19 -19 
Е = 23:19110 _ 7.9х1.6х10 = 1.159 x 102'N/C 
X £p x 


8х8.85х10-1° х4пх 23 1079 


Now, Volume charge density = 2 | 
3 3 

Z ХХ -r 

3 2 1 


оз 3Q 
С 6 414,3 or | 


Again volume of sphere having radius x = зад 
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12. 


13. 


14. 


Now charge enclosed by the sphere having radius 


MES 
1= [io im xg а -olz S 
3 3 о дне 2 -h 
3 3 





_ q enclosed 
20 


Е= Q x? E 1 Er Q х3 ep 
Би emm тте a 2|.8 .3 
о | г>° = Any 4n&gX^ V to” = 
Given: The sphere is uncharged metallic sphere. 


Due to induction the charge induced at the inner surface = —О, and that outer surface = +Q. 
charge 


Applying Gauss's law — Ex4ny? 

















(a) Hence the surface charge density at inner and outer surfaces = tq 
total surface area 
=— a and а respectively 
41a? 4ra? | 
(b) Again if another charge ‘д’ is added to the surface. We have inner surface charge density = — 573 
na 


because the added charge does not affect it. 


On the other hand the external surface charge density = О + i 3 5 
та 





as the 'q' gets added up. 


(c) For electric field let us assume an imaginary surface area inside the sphere at a distance 'x' from 
centre. This is same in both the cases as the 'q' in ineffective. 





Now, fEas - 2 вв S, 1.2... 
80 20 4лх Ane gx 
(a) Let the three orbits be considered as three concentric spheres A, B & C. 28 


Now, Charge of ‘А’ = 4 x 1.6 x 10 с 
Charge of 'B' = 2 x1.6 x 10 9 c СА с 
Charge of ‘C’ = 2 х 1.6 х 10 "6 с и 32 

As the point ‘P’ is just inside 15, so its distance from centre = 1.3 х 10m 


-19 
Electric field = а Be tex) = 3.4 x 10? МС 


Anegx? — 4x3.14x8.85x10 7? x (1.3x 107? 

(b) For a point just inside the 2 s cloud 
Total charge enclosed = 4 x 1.6 х 10 ?—2x 1.6 х 10 ? 22x 1.6 x 10? 
Hence, Electric filed, 
= 2х1.6 10-19 

4х3.14х8.85 х107 х (5.2 x10711)? 
Drawing an electric field around the line charge we find a cylinder of radius 4 х 10? т. 
Given: À = linear charge density 
Let the length be { = 2 x 10 с/т 
а м 
o бо 


5 





= 1.065 x 10 N/C = 1.1 x 10° МС 





We know |Еа E 


= us 
80 ёр x2nr 


For, г= 2 х 102 m & à = 2 х 10? с/т 
21079 


Е = = = = 8.99 x 10° МС =9 х10° М/С 
8.85x10 ^x2x3.14x2x10^ 
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15. 


16. 


17. 


18. 


19. 


Given : 
à 22 x 10 с/т 
For the previous problem. 





Е = for a cylindrical electricfield. 


ео ПГ 


Now, For experienced by the electron due to the electric 
force. 


2 | мекпом, т. = 9.1х1073'ко, 


Eq = mv 
Ve = ?, г assumed radius 
2 
2 2 r 
1 3, -19 
= КЕ = 1/2 хЕхахг= —x — x 1.6 x 10 ~=2.88 x 
2  sgg2mr 


Given: Volume charge density = б 
Let the height of cylinder be h. 
л Charge Q at = Cx 4лу x h 





For electric field fEds = а 
50 
- О , Cx4ny? xh z 26x 
£pxds = x2xmxyxyxh 0 
фЕдА E 
50 


Let the area be A. 
Uniform change distribution density is G 


Q - CA 
Е = Q ад 5Хахх . CX 
50 £y x A £9 


О =-2.0 х 10°С Surface charge density = 4 x 107 C/m? 
We know E due to a charge conducting sheet = 2 
0 

Again Force of attraction between particle & plate 

c 4x10 х2х10-6 
= Eq = хада 

260 2х8х10-12 

Ball mass = 10g 
Charge = 4 x 10 с 
Thread length = 10 cm 
Now from the fig, T со50 = mg 
T 5110 = electric force 


= 0.452N 








Electric force = P (c surface charge density) 








20 
: oq 

T sind = ——, T cos0 = mg 
266 

Tan 0 = e9 
2mgsg 

с = 2mgsotano _ 2x8.85x10 77? x10x10? x9.8x 1.732 
q 4х10-6 


filed in wire = centripetal 


ра - 
QNM. 
Бс тараи 
| | 
| | 
| it 
| | 
| | 
ЖОЛ оү 
C » 


---- 


107" J. 


Lf 





X X х X 


x 
x 
x 
x 


X X X X X x X 

X X X X X x X 
X X X X X x X 
X X X X X х X 





X X X X X x X 


= 7.5 х 10^ C/m? 
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20. 


21. 


22. 


23. 


(a) Tension in the string in Equilibrium 





T cos 60? = mg 
-3 
5-009... 10001079. укн SOON 
cos 60? 1/2 


(b) Straingtening the same figure. 
Now the resultant for ‘R’ 
Induces the acceleration in the pendulum. 


14 £ £ 


Т=2хл |“ =2 =2 


g ae ©" 
| 23 | 100+(0.2x— 23 
2egm 2x107 


2 
=2n Е __-2у |L =2x31416x 10x10% AB sec. 
172 
(100 +300) 20 20 














21112 








$ = 2ст = 2 х 10 ^m, u=0, a=? t=2us=2x10°s 
Acceleration of the electron, s= (1/2) at? 
-2 
210? = (12) хах (2х 109 ac EPIT a= 10" mis” | 
х 


The electric field due to charge plate = ae 
50 

- 6 q + 2 cm —> 

Now, electric force = — ха = acceleration = — x — 


50 50 Те 
Now -2-х-1 = 497? 
20 me 
_ A0 xg, xmas = 10! x8.85x10 12 «9.1101 
q 1.610719 
= 50.334 х 10 ^ = 0.50334 х 1077 с/т? 





ә 6 


Given: Surface density = o 
(a) & (c) For any point to the left & right of the dual plater, the electric field is zero. 
As there are no electric flux outside the system. 2 
(b) For a test charge put in the middle. 


It experiences a fore 23. towards the (-ve) plate. 


50 


11:1:1111 
+++++++ 








Hence net electric field | | oi Beste р S 


50 280 50 R Eq 


(a) For the surface charge density of a single plate. 
Let the surface charge density at both sides be с; & o; 
A 
Pil ааах 
280 280 
Ү 


о 


= Now, electric field at both ends. 


Due to a net balanced electric field on the plate BUE ge 
266 266 


х 


2. 04 = 62 SO, qi = 92 = Q/2 
г. Net surface charge density = Q/2A 
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24. 


(b) Electric field to the left of the plates = S 
20 


Since o = Q/2A Hence Electricfield = Q/2Az, ai 9/2 
This must be directed toward left as 'X' is the charged plate. 


(c) & (d) Here in both the cases the charged plate 'X' acts as the only source of 
electric field, with (+ve) in the inner side and ‘Y’ attracts towards it with (-ve) he in 





its inner side. So for the middle portion E = йн towards right. 
= 


(d) Similarly for extreme right the outerside of the 'Y' plate acts as positive and hence it repels to the 





right with E = 
2А=о 


Consider the Gaussian зи асе the induced charge be as shown in figure. 
The net field at P due to all the charges is Zero. 

22-20 +9/2А е, (left) +9/2А є, (left) + 9/2А ғ, (right) + Q — 9/2A е, (right) = 0 
=> -20+9-Q+9=059=3/2Q 

-. charge on the right side of right most plate 

= 20 + 9 = – 20 + 3/2 Q = – 0/2 





he ce he he oe 
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CHAPTER - 31 
CAPACITOR 


Given that 

Number of electron = 1 x 10" 

Net charge Q = 1х 10" x 1.6 х 107" = 1.6 х 107 C 
-. The net potential difference = 10 L. 


-7 
2. Capacitance — C = Sc ORTU 2 1.6 x 10 Е. 
V 


А = пг? = 25 лет? са 


d 2 0.1 cm EM 


_ ва - 8.85410 1259.14 - 6.95 x 10 uF. 4 
Let the radius of the disc = R 
Area = nR? 
С=1/ 
D=1mm= 103 т = 
. œ= 50А А ан 

d EN 
= 885x1071? x nr? з 10x10? _ 10° T S 

1078 8.85xn 27.784 

А = 25 ст? = 2.5 x 10? ст? 
а= 1 тт = 0.01 т 
у= 67 Q=? Е] 
=0А _ 8.854x107 72 x 2.5x10? 
do 0.01 


-12 -3 
Q-CV- Баянаа” 125010 x 6 = 1.32810 х 10 ^ C 
W = Ох V = 1.32810 х 107" x 62 8 x 10? J. 

Plate area А = 25 cm? = 2.5 x 10° m 

Separation d = 2 mm = 2 x 10? т 

Potential v = 12 v 





>1 





C= 








-12 -3 
(8) ўма пой: 20% га 9.8910 arii = 11.06 x10”? Е 
d 2х10- 





c= 9 — 11.06 х10-? = 9 
V 12 


=> qı = 1.32 x 10" C. 
(b) Then d = decreased to 1 mm 
7. й= 1 тт = 15107 
eA _ а _ 8.85x1077x25x10? _ 2 
а v 11073 12 
= qz = 8.85 х 2.5 х 12x 10 ^ = 2.65 x 10? С. 
-. The extra charge given to plate = (2.65 – 1.32) x 107' = 1.33 x 107'° С. 
бүс НЕ, C;-4yF, 
C476 pF V=12V oh, у e © 


cq = С. +Co+C3=24+446=12 pF = 12x 10°F Ї 1 
qi = 12x2 = 24 |С, 02= 12х4= 48 ШС,  q4-12x6-724C 


C= 








31.1 


Capacitor 











20 uF 30 нЕ 40 uF 
e F—34 
V=12V 
г. The equivalent capacity. 
z C4C5C5 - 20 x 30 x 40 _ 24000 _ 9.23 uF 
СС. +С.С. +С.С› 30х40-20х40-20х30 2600 ЕР 


(а) Let Equivalent charge at the capacitor = q 
- v =q =C x V =9.23 x 12 = 110 uC on each. 
As this is a series combination, the charge on each capacitor is same as the equivalent charge 


which is 110 uC. 
(b) Let the work done by the battery = W 


“Vee >W = М = 110 х 12 x 10? = 1.33 x 10? J. 
8 uF 


q 
C, 2 8 pF, С.=4нЕ, C3 =4 uF К 
12V| 4uF Ї c 
4 uF 


Ceq ЗЕ (С +C3)xC, 
C,+C,+C, 
8x8 
= =4 uF 
16! 
Since B & C are parallel & аге in series with A 
50,4:4:8х6-48:С q2 = 4 x 6 = 24 uC q3 = 4 x 6 = 24 uC 





9. (a) А : 
1 1 
А B 
C124 
C276 


C2 C2 


2 C4, C4 are series & Cz, C; are series as the V is same at p & q. So no current pass through p & q. 


1-11 122221 
СЕО 





(b) С! 7 4 pF, C2=6 pF, 
In case of p & а. а=0 
A 


And C,» ©2 = Ê =3 uF 
2 2 E 
C=C, + С =2+3=5 нЕ Р 
C; 
q 
R 
a ae 


&C'=2+3=5uF 


C&C’=5 uF 
2. The equation of capacitor C = С’ + С" =5 +5 = 10 uF 
31.2 





Capacitor 





10. V2 10v ЭЭ AS 
Сеа = C, +С» [... They are parallel] 
=5+6=11 uF i 
q=CV=11 x 10110 uC 

11. The capacitance of the outer sphere = 2.2 uF B6 
C = 2.2 uF 


12. 


13. 


14. 


Potential, V = 10 v 
Let the charge given to individual cylinder = q. 
с= 9 
V 
> а= СМУ = 2.2 x 10 = 22 uF 
г. The total charge given to the inner cylinder = 22 + 22 = 44 uF 


= % Nowv= d 
V R 
= q QR. 
So, С. = = — =4 ле В 
1 KaR) коо 


Similarly c? = 4 лёоВ> 
The combination is necessarily parallel. 
Hence Сед = 4 neoR1 +4 лёоР. = 4 neo(R4 + R2) 


C C C 
Ta ик e. 
к= 
С С С 
к=, 
-С-2ЦЕ 


‚г. In this system the capacitance are arranged in series. Then the capacitance is parallel to each other. 
(a) г. The equation of capacitance in опе row 
C 


C= 
3 


(b) and three capacitance of capacity i are connected in parallel 


-. The equation of capacitance 
"od 0 


С = —+—+— =С=2 нЕ 
333 
As the volt capacitance on each row are same and the individual is 
Total 60 


= - = = 20 \ 
No. of capacitance 3 





Let there are ‘x’ no of capacitors in series ie in a row 
So, x x 50 - 200 
=> x = 4 capacitors. 


Effective capacitance т a row = 2 
Now, let there аге ‘y’ such rows, 

10 
So, — x y - 10 

4 y 


=> y = 4 capacitor. 
So, the combinations of four rows each of 4 capacitors. 
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15. C 


4uF C 8uF ан CN, 8 uF 

8 uF 

: Р E 4W С ц 

А 
He] B SPAN uF 3uF p би 
Зы D  eyF хил 
25 50 


4x8 8 
a) Capacitor = —— = — 
Ра la oH 
Big ese N 
6- 


(i) The charge on the capacitance 2 uF 


8 00 
Q= — x 50= — 
3 3 
-. The potential at 4 uF = E = Ын 
х4 3 
at 8 pF = 200 = 100 
3x8 6 
The Potential difference = зы = ыг uV 
3 6 3 
(ii) Hence the effective charge at 2 uF = 50 x 2 = 100 uF 
2. Potential at 3 uF = ын ; Potential at 6 uF = A 
.. Difference = U 100 ОП. u 
3 6 3 
| . 90 
-. The potential at C & D is m uV 
Р R_1 1 : ЭМ : 
():--: S - > = — = |t is balanced. So from it is cleared that the wheat star bridge balanced. So 
q 


the potential at the point C & D are same. So no current flow through the point C & D. So if we connect 
another capacitor at the point C & D the charge on the capacitor is zero. 


16. Ceq betweena & b 


C2 C2 
= С.С, А , С.С? 
Сз ч а Сз b a Д b 
C44 C5 C44 C; 
C4 C4 


C4C2/C4* C; 








= С. x leo: (. The three are parallel) 
C4 + С, C1C2/C1+C2 
17. In the figure the three capacitors are arranged in parallel. 
All have same surface area =а = & a 
First capacitance С. = вм 
34 
2" capacitance C; = 20А 
3(b +d) 
3" capacitance Сз = S aa 9 
3(2b + d) 
Ceq = C4 + C2 +C3 E B C D 
я —— 
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18. 


19. 


20. 


2 =0А =0А 





+ 
за  3(b«d) 


E&A ‚ЩАС 1 
3(2b+d) 3 








_ 50А ( (b + d)(2b 
3 


- d) + (2b + d)d + (b + d)d 
d(b +d)(2b +d) 








egA(3d? + боа 


2b?) 








За + d)(2b + d) 


(a) С= 25 


_ ех3.14х8.85 x10? x10 





In(R2 / R1) In2 
= 80.17 x 10 = 8 PF 


(b) Same as R;/R 
Given that 


С = 100 PF = 100 x 10 ^ Е 


У = 24 \/ 
92=? 
Let а. = The new 


М, = 92296 


9-91 _ 04 
CG G 


24x107" -qı 


1 will be same. 


1 
d b«d. xl 


[In2 = 0.6932] 


Coq = 20 PF = 20 x 10°" Е 
q = 24 x 100 x 10 7 = 24 x 10" 


charge 100 PF М; = The Voltage. 
Let the new potential is V4 
After the flow of charge, potential is same in the two capacitor 


= Q4 





24 1077 


= 24 XAG gi 


= 64: = 120 x 10° 
120 


100 х 10:72 
91 
5 


10 


Sg Ea Kip e 20 x 1077 


vy v- 4- 20x 


-10 
10  -20V 


С, 100х10-12 


Е 


А 


$ 


Initially when ‘s’ is not connected, 


28. 096 


Cer = 24 = 27х50 = 5x10" = 1.66 х 107°C 


3 3 


5 


After the switch is made on, 
Then Ce = 2C = 10? 


Q=10°x50=5 


Now, the initial charge will remain stored in the stored in the short capacitor 


x 107 


Hence net charge flowing 


-5x10^- 1.66 


x107=3.3x 10^ C. 





Capacitor 





21. 


22. 


V 


0.04 uF T P 


0.04 pF 


Given that mass of particle m = 10 mg 

Charge 1 =- 0.01 uC 

A = 100 cm? Let potential = V 

The Equation capacitance C = ЕЕ = 0.02 uF 


The particle may be in equilibrium, so that the wt. of the particle acting down ward, must be balanced by 
the electric force acting up ward. 








-. qE = Mg 
Electric force = qE = aT where V — Potential, d — separation of both the plates. 
- цоо C= ЕА а = 20А 
80А q C 

qE = mg 

QVC 
= = mg 

£gA 
_ Q001x002xV _ 0.1 x 980 


8.85 х107'2 x 100 

_ 0.1x 980 x 8.85 x 1071? 
р 0.0002 

Let mass of electron = р 
Charge electron =e 

We know, 'q' 

For a charged particle to be projected in side to plates of a parallel plate capacitor with electric field E, 


у= E(x) à 
2т (н Жэн 
where y — Vertical distance covered or me |: 


x — Horizontal distance covered 
u — Initial velocity B 
[ 
b 


>V = 0.00043 = 43 MV 





From the given data, 
20 V аа, q 











: Е = = = А х= а, =? 
y 2 R £a? x di £oa? 5 
For capacitor A — 
2 
V4 - 23 - ай аз С. = a 
С, гоа 1 


Неге q = chare on capacitor. 








2 
q = C x V where C = Equivalent capacitance of the total arrangement = 5202. 
1+ 
2 
So, q- E9a x 
d, +d, 
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23. 


24. 


25. 


2 
Hence E - тос Eos Wes y 
£ga (9; + )=оа (d4 +45) 





2 


Substituting the data in the known equation, we get, ШИЛЖ х SN x z 
2 2 (4,+4,)т u 





А 2 1/2 
2 Vea Vea 
=» Ц = ЕЕ = =, 


d4m(d, +95) d4m(d, + d2) 
qeme 
Me 
= Spe = 
Mp 


The acceleration of electron a, = 


The acceleration of proton ap 


++ + + + + 





The distance travelled by proton X = зард ...(1) 


The distance travelled by electron ...(2) 


From (1) and (2) 2-X= аё х= 


ФЕ 
х а _ \ М 


2-х а, 2 q.F 
M, 

2 xX My 90" 01 
2-х M, 167x107 1.67 
=> x = 10.898 x 10 – 5.449 x 10 ^x 
_ 10.898 x10 ^ 
1.0005449 

(а) 1 uF зш 


Е ! 5 
A 5 uF = А нь F 
2 uF 6 uF 2 6 


As the bridge in balanced there is no current through the 5 uF capacitor TUE SMF 
So, it reduces to 


similar in the case of (b) & (c) 

as ‘b’ can also be written as. 

1x3 2x6 _ 3 12 0-12 

1+3 2+6 48 8 8 

(a) By loop method application in the closed circuit ABCabDA 

—12 + ВЯ =0 ...(1) а 
2uF P2uF 4uF af Ir ЖЫ 


In the close circuit ABCDA 4 uF 


(О-О, 4 uF 
а (9+9 5 р) pes pies Ж 


-12* — + 
2uF 4uF 
From (1) and (2) 20 + ЗО; = 48 ...(3) 
And ЗО — q; = 48 and subtracting О = 4Q,, and substitution in equation 








x107^ = 5.449 x 10 ^ 





= 0.001089226 


= 2.25 uF 





Ceq = 
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20 + ЗО, = 48 > 8 О; + ЗО, = 48 > 119; = 48, a= $ 
О _ 48 _ 12 
4uF 11x4 11 


(5) 12V 12V 


К Жы 
8t сэт 


24 У 


Vab = V 





The potential = 24 — 12 = 12 
(2х0-12х4) _ 48 
2-4 6 


Potential difference V = =8V 





. The Va- Vb -- 8V 
Era po 


(c) 
А 


From the figure it is cleared that the left and right branch are symmetry and reversed, so the current go 
towards BE from BAFEB same as the current from EDCBE. 


-. The net charge О = 0 Мэс э-0-5 0 „Мар = 0 


г. The potential at К is zero. 


Bu 4 нЕ 
===] 
12V 

a Е ARE b 
24V 1 uF 








The net potential = Netcharge ша ве М 10.3 М 
Netcapacitance 7 7 
-Va-Vbz-10.3V 
26. (a) 3/8 


1и 
3 uF 
12/8 


4 uF 
4/8 3/8 3/8 








3 uF 1 uF 48 әв £2, 
: = 1/2 3/2 
By star Delta conversion H 
3 uF 1 uF 
1 3 
3+— |х| —+1 3 uF 1 pF 
бык Зы 2 2 = 3,35 - 9+35 11 р 
м е a (3 | 82 2 6" 
З+—|+|—+1 
2 2 





Capacitor 





(b) 


3/8 uf 

4 yf 4 yf 
3/8 uf 
2 uF 4 uF 


32/12 uf 


32/12 uf 


8/6 uf 






by star Delta convensor 


3/8 рї 





3 16 3 11 
8 8 8 4 
4/3 uF 
8/3 uF 
. 
4 uF 


Cef = 


2 uf 4 uf 


t— 


— 1 8 uf 


=== 4 uf 8 uf 
Е 


2 uf 4 uf 


3,32 32,8 _ 16432 .& 





8 12 12 86 6 
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28. 


29. 


2 uf 2ш 2ш 2 


OI 
[р ы ж 


= С; and С, are in series 
2х2 





Cea = == =1 
242 

This is parallel to Со = 1 + 1 = 2 

Which is series to C; = AxA =1 
2+2 

Which is parallel to С,=1+1=2 

Which is series to С. = Энэ =1 
2+2 

Which is parallel to Cg =1+1=2 
2x2 





This is series to C4 5 


A m m. Fig - II 
"E Ы р 
B 


Let the equivalent capacitance be C. Since it is an infinite series. So, there will be negligible change if 


the arrangement is done an in Fig — II 
Coq = 2xC gu stes 2С-2-0 
2-0 2-0 

=>(2+C)xC=3C+2 
2c-c-2-20 
> (С-2) (С+1)=0 

= —1 (Impossible) 
So, С =2 uF 





4 uf 4 uf А 
2 uf 
B 2 uf 2 yf " 


о 


= C and 4 uf are т series 
4xC 
44C 
Then С; and 2 uf are parallel 
C=C,+2 uf 
4xC 4C 4 8 4- 2C 
= 44C ааа: 4-0 e 
=>4C+8+2C=4C+C*=C’-2C-8=0 
2+V44+4x1x8 _ 2:436 _ 2+6 


2 2 2 





So, C4 = 





C= 








246 
с=^ =4nf 
2 H 


г. The value of C is 4 uf 
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. 91 =+2.0х 10? c q2 = —1.0 x 10° c 
C=1.2 x 10” uF = 1.2 x 10°F 
pie ЧЕ: = 3.0х10-8 
2 2 
-8 

ан ээх, 21 crisp 

с 2 1.21079 
-. Given that 


Capacitance = 10 uF 
Charge = 20 uc 





2. The effective changes 50-9 = 10 uF «| 4-0 4. 
2 "m |. 
10 thy 41. 
(pec duse a ey 
V C 10 


wu s5TYucsTxdo c С=0.1нЕ=1х107Е 
фэ200-25102С 





-6 
netq- oe = 22210 =-05x10°C 
7 
Potential v' = duo ESO =_s5y 
-5x107 


But potential can never be (—)ve. So, V=5 V 
. Here three capacitors are formed 


And each of 
A = 99,4972 tm, 
£0 
- á + + 
а= 4тт= 4х 103 т и + 
-. Capacitance of a capacitor Vl + * 
- - + + 
96x10 7? -| |- + + 
о - 3 + + 
=0А = 50 








С- - = 24 х 10? Е. 
а 4x107 


-. As three capacitor are arranged is series 


2. The total charge to a capacitor = 8 х 107 х 10 = 8х 10?c 
-. The charge of a single Plate = 2 x 8 x 10? = 16 x 10° = 0.16 x 10? = 0.16 ис. 
. (a) When charge of 1 uc is introduced to the B plate, we also get 0.5 uc 


charge on the upper surface of Plate 'A'. 0.5 pC 
(b) Given = 50 uF = 50 х 10° F =5 x 10°F -05үС 
-6 УЕ 
Now charge = 0.5 х 10 С B 
-7 444444444. 10C 
ye Se SX E =10V ее 
С 5x10°°F 

. Here given, 1uC 0.5 uC 
Capacitance of each capacitor, C = 50 uf = 0.05 uf 5 С 
Charge О = 1 uF which is given to upper plate = 0.5 uc charge appear on outer 0.5 uC 
and inner side of upper plate and 0.5 ис of charge also see on the middle. 
(a) Charge of each plate = 0.5 uc ds p: 
Capacitance = 0.5 uf Sis 

0.5 uC 
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36. 


37. 


38. 


39. 


(b) The charge on lower plate also 7 0.5 uc 
Capacitance = 0.5 uF 


-. The potential in 10 V 
C, = 20 PF = 20 x 10^ Е, С› = 50 РЕ = 50 х 107? Е 
С.С. _ 2х10 И х5х10 И 
С,-С, 2x10 745x107! 
Charge ‘а’ = 1.428 x 107 х 6 = 8.568 x 10" C 

а _ 8.568x107" 
М. = = 

С, 2x40 


а _ 8.568x107" 
Vo = = 

C; 5x107" 
Energy stored in each capacitor 
Е; = (1/2) C,V, = (1/2) x 2 x 10 ' x (4.284)? = 18.35 x 10 = 184 PJ 
Е, = (1/2) CV = (1/2) x 5 x 10 x (1.71)? = 7.35 x 10 = 73.5 PJ 
ЗО aur: С› = 6 uF, V=20V 


C+C) 4+6 ` e 
-. The Eq Capacitance C, = 2.5 uF 
-. The energy supplied by the battery to each plate 


E = (1/2) CV? = (1/2) x 2.4 x 20? = 480 uJ 20 V 
-. The energy supplies by the battery to capacitor = 2 x 480 = 960 uJ 
С = 10 uF = 10 x 105 F 


Effective C = -1428x10"'F 





= 4.284 V 





= 1.71 У 











Рога & а 
а=4х 10* С a <8 у 
c=10°F c К са 
ей „ХШ | сыы енш і 
2c 2 10? 
Forb&c 
q-4x10*c 100 V 
Се =2с=2х10°Е 
T 4x107 Soy 
2x10? 


Е = (1/2) ev? = (1/2) x 10? х (207 22x 10° J2 2 mJ 
Stored energy of capacitor С. = 4.0 J 


2 
= 19 240) 

2c? 
When then connected, the charge shared 
idc _1 q^ E 
2 c? = 2 m => Ч1 = 42 


So that the energy should divided. 
г. The total energy stored in the two capacitors each is 2 J. 





31.12 


Capacitor 





40. 


41. 


42. 


43. 


44. 


Initial charge stored = C x V 2 12x 2x 10? 2 24 x 10?c 
Let the charges on 2 & 4 capacitors Бе qı & 42 respectively 
There, V = e = e > 2 = 2 > q2 = 20. 

or qı + 42 = 24 x 10° С 

=> 91 =8х 10° yc 

ф = 244 = 2 x 8х 108 = 16 x 10? uc 





2 
Е, = (1/2) x Cy x Vi? = (1/2) x2x B -16 pJ 


2 
E, = (1/2) x C3 x үүл (1/2) x 4 x Н -8uJ 


Charge = Q 
Radius of sphere = К 
-. Capacitance of the sphere = C = 4ze9R 
Ва alas Q? 
Energy = - = 
20 2 4лє6В — 8ngR 


Qz2OV-4ngRxV 








2 
E- 19 [.. ‘C in a spherical shell = 4 лёоК] 
2C 
2. 2:52 2 
Ее Ве XR ХУ oa TERV? ['C' of bigger shell = 4 xejR] 
2 4n£g x 2R 
с= 1х 10% с/т? 
а= 1ст= 1х 102 т аз = 10% т 


2 -4 ү2 4 
The energy stored in the plane = еки ышы. 


= = 564.97 
285 2885x107 17.7 





The necessary electro static energy stored іп a cubical volume of edge 1 cm infront of ће plane 


2 

= T әз = 265 х 108 = 5.65 х 10^ Ј 
2 50 

area = а = 20 ст? = 2 х 10? т? 


d = separation = 1 тт = 107° т 


Cis $e*2x107 L4. су= 80210 _ 
1073 2x10? 
Qi = 24 £o qf = 12 £p So, а flown out 12 e. ie, qi — qr. 


(а) So, а = 12 х 8.85 х 10^ = 106.2 х 10 "^ = 1.06 х 10? C 
(b) Energy absorbed by battery during the process 
=даху = 1.06 x 107 С x 12 = 12.7 x 10-19) 
(c) Before the process 
Е, = (1/2) x Ci x V = (1/2) x 2 х 8.85 x 10 7 x 144 = 12.7 x 10? J 
After the force 
Е, = (1/2) x Cf x v! = (1/2) х 8.85 x 1077 x 144 = 6.35 x 10 J 
(d) Workdone = Force x Distance 
T ces ia 2 1 12x12 £o x £o x10 
2 ggA 2 £o x2x10? 





(e) From (c) and (d) we have calculated, the energy loss by the separation of plates is equal to the 
work done by the man on plate. Hence no heat is produced in transformer. 
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45. 


46. 


4T. 


(a) Before reconnection 
C = 100 uf V=24V 
q = CV = 2400 uc (Before reconnection) 
After connection 


When C = 100 uf М = 12 \ 

q = CV = 1200 uc (After connection) 
(b) C = 100, V=12V 

^ q = СУ = 1200 v 


(c) We know V = hid 
q 


W = vq = 12 х 1200 = 14400 J = 14.4 mJ 
The work done on the battery. 
(d) Initial electrostatic field energy Ui = (1/2) cV? 
Final Electrostatic field energy Uf = (1/2) cV? 
-. Decrease in Electrostatic 
Field energy = (1/2) СУ - (1/2) СУУ 
- (1/2) c(v4? - V2’) = (1/2) x 100(576 —144) = 21600J 
г. Energy = 21600 j = 21.6 mJ 
(e)After reconnection 
C = 100 ис, V=12v 
-. The energy appeared = (1/2) Cvs (1/2) x 100 x 144 = 7200 J=7.2 mJ 
This amount of energy is developed as heat when the charge flow through the capacitor. 


(a) Since the switch was open for a long time, hence the charge flown must be due to the both, when 
the switch is closed. 





Cef = C/2 z c 
ExC 
Soq- 
я 2 
2 
(b) Workdone =q x v = ЕСхЕ = ЁС 
2 2 
1 C E?C E 
(c) E= у Be ee 
2 2 4 
2 
Е, = (1/2) x Cx E? = >= 
2 
Е, ажа Е; = ЕС С 
4 
(d) The net charge in the energy is wasted as heat. 
C,=5 uf V,=24V 
qı = СМ. =5х 24 = 120 рс 
and С. = 6 uf У,-В 


q2 = CIV; =6х 12 = 72 
г. Energy stored on first capacitor 
2 2 
gs 1% = 1,020 = 14401 = 1.44 mJ 
2 C, 2 2 
Energy stored оп 2™ capacitor 


219 _ 1 (72)? 








Ex 
2C, 2 6 


= 432 J = 4.32 mJ 
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48. 


49. 


50. 


51. 








(b) C4V4 СМ, 
Let the effective potential = V 5 uf 24 v 6 yf 12v 
NL SL PS H [=H E 
C, +С, 5-6 


The new charge C,V = 5 x 4.36 = 21.8 uc 
and СУ = 6 x 4.36 = 26.2 uc 

(с) U4 = (1/2) c. V^ 
U; = (1/2) CV? 
U; = (1/2) V? (С. + С») = (1/2) (4.36)° (5 + 6) = 104.5 x 10? J = 0.1045 mJ 
But U; = 1.44 + 0.433 = 1.873 
-. The loss in KE = 1.873 — 0.1045 = 1.7687 = 1.77 mJ 


и 


When the capacitor is connected to the battery, a charge О = CE appears оп one plate апа —Q on 
the other. When the polarity is reversed, a charge —Q appears on the first plate and +Q on the 
second. A charge 2Q, therefore passes through the battery from the negative to the positive 
terminal. 


The battery does a work. 
W=Q*E=2QE=2CE” 
In this process. The energy stored in the capacitor is the same in the two cases. Thus the workdone 
by battery appears as heat in the connecting wires. The heat produced is therefore, 
2CE? = 2 x5 x 10? x 144 = 144 x 10? Ј = 144 mJ [have C 25 uf У =Е = 12V] 
А = 20 ст x 20 ст = 4 х 102 т 
а=1т= 1х 10° т 











k=4 t=d 
= =0 А 22 =0А 2 єоАК 
5 to d. d 20 cm 
d-t4 d-d4 
k k 
"i 52 1 mm 
= BBS D 410—4 -1416x 109 F = 142 nf "m 
1x107 
Dielectric const. = 4 
F = 1.42 nf, V=6V 


Charge supplied = q = CV = 1.42 x 10° x 6 = 8.52 x 10°C 
Charge Induced = q(1 — 1/k) = 8.52 x 10? x (1 – 0.25) = 6.39 x 10? = 64 nc 
8.52ис 





Net charge appearing on one coated surface = = 2.13 nc 





Here 

Plate area = 100 cm? = 10? т? 

Separation d = .5 ст = 5 х 107° т 
Thickness of metal t = .4 cm = 4 x 107° m 
EA _ eA _ 8.585 х107'2 x10? 


ан! d-t (5 –4)х1073 








C= = 88 pF 


Here the capacitance is independent of the position of metal. At any position the net separation is d — t. 
As dis the separation and t is the thickness. 
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52. 


53. 


54. 


55. 


Initial charge stored = 50 ис 

Let the dielectric constant of the material induced be ‘k’. 
Now, when the extra charge flown through battery is 100. 
So, net charge stored in capacitor = 150 uc 


50 uc 


NowC,s SA ог B04 41) 
d V d 
буз Бай or, 42 ean 2) 
d V d 
Deviding (1) and (2) we get 21. -1 
2 
50 1 кез 
150 К 
C=5uf V=6V d=2mm=2x 10° m. 


(a) the charge on the +ve plate 
а = СМ = 5 uf x 6 = 30 рс 








(b) E= — = ——— =Зх 10° УМ 
d  2x10?m 
(c) d 22x 10? m 
t=1x10°m 
-12 4 
к-Зогс- 20А Залаа ЭХ ГА 
d 2x10? 8.85 
When the dielectric placed on it 
лә. 104 
8.85 x 107? x 12 and 
с. = —204 da E 10 LM = 5,1075 = 0.00000833 = 8.33 pF. 
d-t} 10:5. 10 6x10 
k 
(d) C 2 5 x 105 f. V=6V 
“O=CV=3 x10 f=30 uf 
Greg 3x10 7f 


V=6V 
л Q'=C'V=8.3 х 10° x 6 = 50 uF 
-. charge flown = Q' — О = 20 рғ 





Let the capacitances be С; & C; net capacitance ‘С’ = SES 
C, +С> 1cm? 
+ 
Мом C4 = £oAK, С» _ ®0АК2 t 
d, d2 Ci pn 
EgAk, 2 £gAKs oA kk k=4 1 
ЭЭЖ dit. 445) _ 885x107x10?x24 € Amim 





£oAk, | £oAk; к) бх4х1073 +4х6х107% = 

d d А — 
1 2 4,4, 

= 4.425 x 10" C = 44.25 pc. 

А = 400 cm? 24x 10? т? 

а= 1 ст = 1х 103 т 

V = 160 V 

t-05-25x10^m 

k=5 
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eo oA. me 8.85x10 7 х4х10-? _ 354x10^ 
Ы t Z4 7 Ae. > 
dibti- 493 5,494, 9x10 1079 -0.5 
К 5 
56. (а)Агеа=А 
Separation = d 
= £oAk, - &oAk, Ki 
d/2 d/2 
2 K2 
2e9Ak, 2є6АК, (259A? КК, 
PX C PER анз НӨ" d? _ kik 260A 
C,+C, 250 Ak, ‚ 250 АК? (2= д)у@+К2@ d(k, - K5) 
d d 2 d 
(b) similarly 
ША oth RE: КЕ 812220 
C C, C, C,  3sAk, ЗАК, ЗєоАК, 
d d d 
__4 [1,1,1]|. d [|kks kk, Kk, 
Зє,А|К, Ко Kg | 3&A kikok3 
Е 3e Ak ko ks 
d(k,ky +k k3 +k4k3) 
(c) C 2 C4 * C; 
A 
re £05 Ki 1 "gk = a -К ) 
2d 1 2 
57. 
d-xtanó 
x tanó 





Consider an elemental capacitor of with dx our at a distance 'x' from one end. It is constituted of two 
capacitor elements of dielectric constants К; and К» with plate separation xtanó and d -хїапф 


respectively in series 














1 1 1 _ хїапф ,d-xtanó 
dcR dc, dc,  egk;(bdx) ок (Бах) 
£gbdx 
dcR = 0 
Š xtanó , (d-xtan 4) 
k> k, 
dx 
or Cg = egbkik 
Эва Ecc xm 
== ШЧ. е ы ы ааа 
tan ф(К, -К>) 
egbk 4k 


= ———__<__[log,kd+ (К, —kz) a tano — log, kod 
ВЕ Ка" 21+ (Ki —К2) ф ge K2d] 


„лап ф = 9 ашА-аха 
а 
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eso fon 
(к, —k 2 
d (k =k) 

Gea ы. log, 1 
d(k, - Кә) k2 

2 

Ce 2 гоа kik In ky 

d(k, - Кә) k2 


58. 18 
d. ole “ile 
jq 


|. Initially when switch ‘$’ is closed 


| 
| 


Total Initial Energy = (1/2) CV? + (1/2) CV? = CV? 
Il. When switch is open the capacitance in each of capacitors varies, hence the energy also varies. 


i.e. in case of 'B', the charge remains 





Same i.e. cv 
Ces = ЗС 
2 2,2 2 
E- 1,9 2 1 €v _ СУ 
2 с 2 3c 6 
In case of ‘A’ 
Сен = Зс 
= ЛС лу? zd des 32 
2 2 2 


2 2 2 
Total final energy = а SEM a LON 

















6 2 6 
n 2 
Мом, initial Energy _ cv ша 
Final Energy 10cv? 
6 
59. Before inserting 
= £gA C Q = АМ C 
d d 
After inserting 
&А _ & АК E АК 
С=О uen Qı = 2v 
d d шиг: 
К 


The charge flown through the power supply 
Q=Q,-Q 


= £gAkV £gAV 2 £gAV (к 1) 








d d d 
Workdone = Charge in emf 
2422 
4 5, АМ =)? 4 
_ 14° _1 d? _ £oAV (k—1) 
2C 2 sy 2d 
ane 


EG 
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60. 


61. 


62. 


63. 


Capacitance = 100 uF = 10 Е 

Р.а = 30У 

(а) а = CV = 10% х 50 = 5 х 10° с= 5 тс 
Dielectric constant = 2.5 

(b) New C = C' = 2.5 x C = 2.5 x 10“ F 

q 


c! 


-3 
= 5x10" y, 
2.5 x10 
(c) In the absence of the dielectric slab, the charge that must have produced 
Сху= 104 х 20= 2 х 10 с=2 тс 
(d) Charge induced at a surface of the dielectric slab 
= 4 (1-1) (where К = dielectric constant, q = charge of plate) 


= 5х 10° [1-55] 551055 $ =3 10 3 me. 


New р.а = [..'q remains same after disconnection of battery] 


Here we should consider a capacitor cac and cabc in series 





Das 4nggack 
k(c - a) 
Cbc - Ane bc f. 
(b-c) 
1 1 1 
I к=з A 
C Cac Cbc 


(с-а) | (b-c) _ b(c-a)-*ka(b -c) 


7 4xtgaCck 4леорс kAnzgabc 
2 4nggkabc (> V 


7 ka(b —c)+b(c —a) 
These three metallic hollow spheres form two spherical capacitors, which are connected in series. 
Solving them individually, for (1) and (2) 




















С. = Азар (.. for a spherical capacitor formed by two spheres of radii R2 > R4 ) 
-a 
C S 4ngg RR, 
R2 -R2 
Similarly for (2) and (3) 
2 Ame bc 
c-b 
(4лєс )? ab?c 
Ge С.С, (6-а)(с - a) 
C44 C5 ab(c -b)+ bc(b - a) 
4T1£9 
(b —a)(c - b) 
5 4ncgab?c _ Amegab*c _ 4ntgac 
abc — ab? 4 b?c — abc b?^(c—a) c-a 


Here we should consider two spherical capacitor of capacitance 
cab and cbc in series 
4nggabk Cbc = 4nggbc 


Cab = 
(б-а) (c - b) 
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64. 


65. 


66. 











1_-1 d _ (b-a) Р (c-b) | c(b-a)«ka(c- b) 
C Сар Сос 4negabk 4лєорс k4negabc 
C= 4nggkabc 
c(b — a) + ka(c — b) 
О = 12 uc 
V = 1200 V 
У 3х 10-6 У 
d m 
d= V = 1200 24x 10% m 
(v/d) 3х10:9 
-6 
Aaa Lures 
V 1200 
c= ®0^ = 10°F 
d 
10:5 dc. 109х4х10* 





= 0.45 m? 
£9 8.854 x107 


A = 100 cm? = 10? т? 

а= 1 ст = 102 т 

V = 24 Vg 

pA _ 8.85х 10-72 x10? 


-. The capacitance С = 
d 1052 





-. The energy stored С; = (1/2) СУ = (1/2) x 10° x (24)? = 2548.8 x 1077 
C, _ 25488x10 7 


-8.85 x 10? 


= 2.54 x 10 М. 





г. The forced attraction between the plates = 





We knows 


In this particular case the electricfield attracts the dielectric into the capacitor with a force 


Where b — Width of plates 
k — Dielectric constant 
d — Separation between plates 
V = E = Potential difference. 


Hence in this case the surfaces are frictionless, this force is counteracted by the weight. 


2 
go, SobE (k-) _ Mg 
2d 
EA вобЕ? (К — 1) 
249 


107? 


sobV^(k —1) 
2d 
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(a) Consider the left side 
The plate area of the part with the dielectric is by its capacitance 
£gb(L4 – X) 
d 


k4eobx 


С. = and with out dielectric C; = 


These are connected in parallel 

C= Cy + C= 2006, + хк, 1) 

Let the potential V4 

U = (1/2) CV}? = uy +х(к-1)] ac) 


Suppose dielectric slab is attracted by electric field and an external force F consider the part dx 
which makes inside further, As the potential difference remains constant at V. 


The charge supply, dq = (dc) v to the capacitor 

The work done by the battery is dw, = v.dq = (dc) v? 

The external force F does a work dw, = (-f.dx) 

during a small displacement 

The total work done in the capacitor is dw, + dw, = (dc) v? — fdx 
This should be equal to the increase dv in the stored energy. 
Thus (1/2) (dk)v* = (dc) v? — fdx 

















1 24с 
= -М == 
2 dx 
from equation (1) 
obv? 
Е= —0 k,-1 
aq К) 
EN NN ELTON 
For the right side, V5 = Mil 
воб(К> – 1) 
Ех 2d 
Vi- ү &ob(k, – 1) 
V2 F x 2d 
Үү sob(kz — 1) 
m М _ Кә -1 
V2 k4 -1 
: . К —1 
г. The ratio of the emf of the left battery to the right battery = 7 
цэн 
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68. Capacitance of the portion with dielectrics, 





C4 = К=оА | « » 
fd 

Capacitance of the portion without dielectrics, Г--------ү-- 

_ 200 -а)А 
C, = 2008 

? га Е 5 
: E _ EA 
1. Net capacitance C = C, + C; = “y ka + (2 - a)] l 
£gA | a 

Са = le + alk —1)] 


Consider the motion of dielectric т the capacitor. 

Let it further move a distance dx, which causes an increase of capacitance by dc 
“dQ = (ас) Е 

The work done by the battery dw = Vdg = E (dc) E = E? dc 

Let force acting on it be f 

-. Work done by the force during the displacement, dx = fdx 

-. Increase in energy stored in the capacitor 

=> (1/2) (dc) E? = (dc) E? - fdx 

1 E*de 

2 dx 





=> fdx = (1/2) (dc) E^ > f = 


= Bo E 2 
OS | + a(k — 1)] (here x = a) 


dc  -d|sggAy,, 
^ da da | £d ак n) 


A 
Fo" (k -1) = de 
fd dx 


fo TI - 1p? £A (к 1) 
2 dx 2 fd 


f _ E?egA(k - f) 
m 2¢dm 


- a PR ET 
aie EE S 2 
аз Е? А(К - 1) =оАЕ?(К-—1) 








/. аа = 





1 +2 
/. (-а) = =agt 
( ) 2 94 








8m/d(/ — a) 


-. Time period = 2t = | —— 7 — 
£g АЕ“ (К - 1) 


445—5 che 
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CHAPTER - 32 


Q(t) = АЁ + Ві + с 
a) AŻ =Q 





b) Bt=Q 


c) С= [Q] 
>C=AT 
Current t = 99 = 3) 
dt dt 
=2At+B=2x5x5+3=53A. 
No. of electrons per second = 2 x 107 electrons / sec. 


d 


— 


(At? +Bt+ с) 


x 1.6 x 10? coulomb 
| sec 


Charge passing per second = 2 х 10 


= 3.2 x 10? Coulomb/sec 
Current = 3.2 x 103 А. 
i'-2pA, t=5 тт = 5 x 60 sec. 
q=it=2x10°x5x60 
=10x 60 х 10°c=6x10%c 
1510 + at, = 10 sec, ip = 10 А, a = 4 A/sec. 
t t 


t t 
q- Ы - је + at)dt = е и 


= jot + gee 10540 pa 
2 2 
= 100 + 200 = 300 C. 
i=1A,A=1mm?=1 х 10° m? 
f' cu = 9000 kg/m? 
Molecular mass has №, atoms 
= m Kg has (No/M x m) atoms = ОЕ. 
63.5x10^ 
No.of atoms = No.of electrons 
. No.of electrons _ № Af _ Nof 
© Unitvoume  mAI M 
6x10? x9000 
63.5 x10? 
i=VgnAe. 





= М = 1 





1 
пАе 6x10? х 9000 
63.5 x 10? 
63.5 x10? Е 63.5 x10? 


© 6x10% x9000x109x1.6x10-? — 6x9x1.6x107 x10? x 109 


x10 х1.6х10-19 
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10. 


_ 635x10?  635x10? 

© 6x9x1.6x10 6х9х16 

= 0.074 x 10? m/s = 0.074 mm/s. 
( =1т, г= 0.1 mm = 0.1 x 10? т 








R=1000,f=? 
= В=#//а 
Ra 100х3.14х0.1х0.1х10-5 
>f= = 
£ 1 
= 3.14 x 10? = пх 10° О-т. 
(12272 
volume of the wire remains constant. 
ACTA £7 
= Ай = Ах 2( 
= А’ = А/2 
f = Specific resistance 
Rz fe ; R'z fe 
A A' 
100 = 127 45 Lag 
А/2 А 


> 4х 100 © = 400 0 
г =4т, А= 1 тп? = 1х 108 m? 
[224 n/V 540 t=? 
i=nAVge 
> е= 1029 х 1х 10° х Мах 1.6 x 10? 
_ 2 
~ 1029 «1079 х1.6х1079 
not 1523 
© 0.8x10^ 8000 

4 


Z .__* 4x8000 
V, 1/8000 


= 32000 = 3.2 x 10* sec. 

fou = 1.7 x 10? O-m 

A = 0.01 mm? = 0.01 x 10? m? 
R=1KQ=10°Q 





> № 


{= 





Re ff 
a 
-8 
10° = 1 TR xl 
107 
10? 3 
> ET = 0.58 x 10° m = 0.6 km. 
: А fdx 
dR, due to the small strip dx at a distanc x d = R= —7 ...(1) 
ny 
tan 0 = y-a b-a 
X L 
y-a b-a 
x L 


> L(y - a) = x(b - a) 
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11. 


12. 


13. 


14. 


= Ly- La = xb - ха 


Чу 


> L9Y -0=b-a (diff. w.r.t. x) 
dx 


> dx= ——- ...(2) 


Putting the value of dx in equation (1) 
fLdy 
ny^(b -a) 
fl dy 


=> dR= ——— 
n(b —a) y? 


ав = 


R b 

6251: 

0 а 

вс f (b-a fi 
n(b-a) ab nab 

г= 0.1 mm 107 т 

В =1КО = 103 Q, У = 20 У 

а) No.of electrons transferred 

= У_ 20 _ 

В 10° 

аеЕйЖ2 1 22501020 

2x10? 251017 

1.6х10:9 1.6 








20x10?22x107?A 


No. of electrons transferred = 





b 


— 


Current density of wire 


i 23407. . 32 «106 

А пх1078 3.14 

0.6369 x 10“ = 6.37 x 10° A/m’. 
A-22x109m?^I21A 

{= 1.7 x 10? О-т 








Е-? 
mM LAT: 
A 2x10 
-8 
м=р = 11:7 10 xl 
2х10% 
-8 
pidV M ИО OUT iode 
dL |! 2x102 2 
= 8.5 mV/m. 


[=2т, В=50, 1 = 10A, Ez? 
\ = В =10х5 = 50 М 
V 50 


Е = — = — = 25 V/m. 

| 2 
R'te = Ree (1 + оке A0), R’cu = Ra (1 + acu A0) 
К’ = R'cu 


> Ree (1 + Оке АӨ), zx Rc, (1 + аси ДӨ) 


= 1.25 х 10”. 
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15. 


16. 


17. 


18. 


19. 


20. 


3.9 [1+5х10 3 (20 — 0)] = 4.1 [1 + 4 x 10? (20 — 0)] 











=% 
= 39439х5х107(20-0)-41441х4х107(20-0) 
=> 4.1 x 4 x 10° (20 — 0) — 3.9 x 5 x 10? (20 — 0) = 3.9 - 4.1 
= 16.4(20 — 0) - 19.5(20 — 0) = 0.2 x 10? 
=> (20-6) (-3.1) = 0.2 x 10? 
=> 0-20 = 200 
> 0 = 220°С. 
Let the voltmeter reading when, the voltage is 0 be X. 
LR М 
LR V; 
1.75  144-V 2 0.35 14.4-V 
275 224-V 0.55 224-У 
0.07 144-V =, 7 14.4-V 
0.11 224-V 11 224-1 
=> 7(22.4 — V) = 11(14.4 – V) = 156.8 - 7V = 158.4 — 11V 
=> (7-11)V = 156.8 – 158.4 = —4\ = -1.6 
= \М=0.4 У. 
а) When switch is open, no current passes through the ammeter. In the upper part of 


the circuit the Voltmenter has o resistance. Thus current in it is O. 
. Voltmeter read the emf. (There is not Pot. Drop across the resistor). 
b) When switch is closed current passes through the circuit and if its value of i. 

The voltmeter reads 

g—ir- 1.45 
=> 1.52-ir- 1.45 
= ir 0.07 
= 1г= 0.07 > г= 0.07 О. 
Е =6 \,, г=ТО, \ =5.8 \, В =? 
Е 6 


= — =— ,V=E-Ir 
R+r R+1 





> 5.8 = 6- x1 = $ =0.2 
R+1 R+1 

> R+1=30>5R=290Q. 

V=etir 

>7.2=6+2xr —| ww 

> 1.2=2r>r=0.60. 

a) net emf while charging 
9-6=3V 
Current = 3/10 =0.3A 

b) When completely charged. 
Internal resistance ‘г = 1 Q 
Current = 3/1 2 3A 

а) 0.1, + 11, 6 + 1i, -6=0 


> 0.1 i, + 11, + 11 = 12 mm 


> n =— : 
2.1 0.1 i 


ABCDA 
=> 0.15 + 11-6 =0 
=> 0.11 + 1i 
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ADEFA, 
э1-646-(5-11-0 

> i-i,+i=0 

> 2i-i, = 0 > 21+ 0.2i=0 








> i2=0. 
2 0.10 
b) 1i,+1i,-6 + 1i = 0 

> 3, = 125 1, =4 1 | 1 
DCFED 6 6 
—it*i-6202it*i-6 : 
ABCDA, 
in + (ip -i)-6 =0 
—i-*i-i-622i5-i-26 
= -2i, + 2i = 6 > į = —2 

in +i=6 
>i2-2=6 Di2=8 3 10 
i 4 1 
b 8 2 

mm | 
c) 10i, + 1i, -6 + 1,2620 б $ 

> 12i = 1251, = 1 1 j 

105 elo: 0 
=> 10-3 = 6 
= 10 + (1, – 1)1-6 = 0 
> 11 = 6 
=> 1. = 0 





i2 100 
21. a) Total emf = п.Е 
in 1 row 
Total emf in all news = п.Е 
Total resistance іп one row = nir 








А : nar 
Total resistance in all rows = —— 
n2 
А nar 
Net resistance = — +R 
n2 
nE nn E 
Current = 1 T 
n,/ngr-R nr+n,R 
nn E 
b) |= ——— 
nqr +nR 
for | = max, 


пи + noR = min 





> (лг -PRÝ *24n4m;R. = min 


itis min, when 


Jor = JR 


— паг = nR 
116 max when паг = n;R. 
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22. Е-100У, R' = 100 КО = 100000 О 








В=1- 100 

When no other resister is added or К = 0. 

i= E 100 = 0.001Атр 
R' 100000 

When R= 1 

j= 100 ML m 0.0009A 
100000-1 100001 

When К = 100 

j= 109 zz 100 = 0.000999 А. 





_ 100000+100 100100 
Upto R = 100 the current does not upto 2 significant digits. Thus it proved. 
23. А; =2.4 А 
Since A4 and A; are in parallel, 
= 20x2.4230xX 


20x24 
0 


> X= = 1.6 A. 





Reading in Ammeter A; is 1.6 A. 
Аз = A4 + Ар = 2.4 + 1.6 = 4.0 А. 





24. 


5.5V 








<> 
30 20/3 30 
5.5V 
М 
20/3 
5.5x3 16.5 
і = ---- = 0.825. 
тех 20 20 
25. a) Reg = 180 =600 
3 1800 
| = 60/60 = 1А “воо | 
b) Reg = M 2-900 ШЕРИЛ 


i = 60 / 90 = 0.67 А 
с) Ref = 180 О = 1= 60 / 180 = 0.33 А 
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26. 


2T. 


28. 


29. 


30. 


31. 


Мах. К = (20 + 50 + 100) О = 170 Q 
1 _ 100 


1 1 1 8 
20 50 100 
2 


The various resistances of the bulbs = B 


Min R = = 12.5 О. 





2 2 2 
(15) (15) (15) = 45, 22.5, 15. 
10 10 15 
Since two resistances when used in parallel have resistances less than both. 


The resistances are 45 and 22.5. 


Resistances are 








i, x 20 = і x 10 
104 
i 20 2 ee 
i; =4 ТА, io = 8 MA A і=12тА 5КО B 


Current т 20 KO resistor = 4 mA 

















100KQ 
Current in 10 KQ resistor = 8 mA 
Current in 100 KQ resistor = 12 mA 
V =, + Vot Va 
=5 КО x 12 mA + 10 KO x 8 mA + 100 KO x 12 mA 
= 60 + 80 + 1200 = 1340 volts. 
R,=R,i;=5A 
В» = HRS io = 6A 
10-58 
Since potential constant, 
МВ; = К 
о 5xR- 6 x10R 
10 +В 
> (10 + В)5 = 60 
= 5В = 105 В= 20. 
а b 
Eq. Resistance = r/3. 
15х5 15 15х5х15 d B 
єв х 
a) Ви“ 1558 | 18 75.18 
6 6 6 А : 
15/6 
= 15x5x15 25: орд A в 
6x90 12 


b) Across AC, 
15x4 15x2 15x4x15x2 














Riz 6 _ 6x6 
° 15x4 15x2 60 +30 
6 6 6 
2 15х4х15х2 10 3330. 
6x90 3 
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32. 


33. 


34. 


35. 


C) Across AD, 
15x3 15x3 15x3x15x3 














Бы = —Ê 6 _ 6x6 
° 15x3 15x3 60-30 
6 6 6 
215х3х1553 15 5.6 
6x90 4 


a) When S is open 
Reg = (10 + 20) О = 30 Q. 
i - When S is closed, 
Reg = 10 Q 
i = (3/10) Q = 0.3 О. 
a) Current through (1) 4 Q resistor = 0 
b) Current through (2) and (3) 
net E = 4V — 2V = 2V 
(2) and (3) are in series, 
Ви=4+6=100 
i = 2/10 = 0.2 А 
Current through (2) and (3) are 0.2 A. 
Let potential at the point be xV. 
(30 — x) = 10 i, 
(x — 12) = 20 ip 
(x — 2) = 30 is 
iy = io + ig 
30-x x-12 x-2 
10 20 30 
x-12 x-2 
2 3 
3x -36 + 2x – 4 
6 
=> 180 – бх = 5x - 40 
=> 11x = 220 > х = 220 / 11 = 20 V. 
jus 30-20 _ 4A 
10 
20-12 


iy = =0.4A 
20 


20-2 = 6 -06А. 

30 10 
Potential difference between terminals of 'a' is 10 V. 
i through а = 10/10 = 1A 








=> 30-х = 








=> 30-x= 








із = 


a 


— 


Potential different between terminals of b is 10 – 1020V 


i through b = 0/10 20A 


b) Potential difference across 'a' is 10 V 


i through а = 10/10 = 1A 


— 


Potential different between terminals of b is 10 – 10 = 0 У 


i through b = 0/10 20A 





200 
100 
S 
зу 
40 
40 ва 
4V 2\ 
i2 20 12 
b 
AO i 
30 
ig 30 2. 
! 
10V 10V 
a 
100 
100 
b 
b 
10 
10V. 10 10 10V 
a с 
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36. a) In circuit, AB ba A 
Е, + iR2 + Ёз = 0 
In circuit, Ез + Е, — (i — ik)R4 -0 
> ИВз + E4 — iR; * В; =0 
[iR2 + ИВз = —EjR: 
[iR2 — i1 (R4 + Кз) = Е] R2 


Е; R4 








iR2R4 + i4 R3RQ = —ER, 
iR2R4— Р (К, + R3) = Е, R2 





IR3R4 + АВ, + 1,В:В, = Е.В – E2R4 
= k(R3R4 + КК; + R2R3) = Е.К — ЕК; 
E.R, -E;R, 








== 
Б.В,--Б,В,-Б,Б, 
E, Б, 
ERR; -ERR; _ R, R, 
RR + КА, АК: | 1 4 1 4 E 
В, К R4 


b) г. Зате ава 





37. In circuit ABDCA, 
и+2-3+1=0 
> iti,-1=0 ...(1) 
In circuit CFEDC, 
1-1) +1-3+1=0 
> 2i-i,-2=0 ...(2) 
From (1) and (2) 
31=3 =і= 1А 
= 1-і= ОА 
1—1; = 1-0 = 1А 
Potential difference between А and B 
=E-ir=3-1.1=2V. 
38. In the circuit ADCBA, 
3i + 61. – 4.5 =0 
In the circuit GEFCG, 
31 + 61. =4.5 = 10i-10i,-6i,=-3 
=> [101 — 16i, = —3]3 ...(1) 
[3i + 6i4 = 4.5] 10 ...(2) 
From (1) and (2) 
—108 i, = —54 





54 1. 

108 2 
3i *6x 5—4.5-0 
31-1.5=0>i=0.5. 

Current through 10 © resistor = 0 A. 


> i= 0.5 
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39. In AHGBA, 
2-1-1)-2:0 Т Е 
> 1-1; = 0 
In circuit CFEDC, | ; 
-(i, —i2))+2+ip-2=0 
> i2- i tip = 0 > 21 — і, = 0. А 





In circuit BGFCB, i 
-(h—12) +2 + (i1 —i2)-2=0 

> i-it+i,-i=0 > 2i,-i-i2=0 ...(1) 

> iÓ-(i-i)-i220 > И-Ь=О ...(2) 

ї1-1250 

From (1) and (2) 

Current in the three resistors is 0. 


| BU 


10 5 
For an value of R, the current in the branch is O. 


2r/2)xr 


41. а) Re = (2/2ухг 
(2r/2)+r 
«+ 
EG 
Or 2 


a 


b) At 0 current coming to the junction is current going from BO = Current 
going along OE. 


Current on CO = Current on OD CC 


Thus it can be assumed that current coming in OC goes in OB. 
Thus the figure becomes m 


23 2r 8r [5 il 
r4 Ег |= 275 = 

ar з 3 4-2» 

(8r/6)x2r _8г°/3 _ 8r? 6 8r BE 


Rer = x - 
(8г/6) + 2г 20г/6 3 20 10 
100 100 100 
— 
р © 


=0.4А. 














lo 


— 
Ол 
2 
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43. a) Applying Kirchoff's law, 


10i-6 + 5i- 12-0 22 ТИ 
А А 100 50 
= 101 + 5і = 18 нм 
> 151 = 18 | 
кы үе cusa 
15 5 


o 
м 


Potential drop across 5 О resistor, 

i5=1.2x5V=6V 

с) Potential drop across 10 © resistor 
110 = 1.2 х 10 \ = 12\ 

d) 101-6+5- 12 =0 


> 101+ 5 = 18 | 
> 15і = 18 | i 
> і= 18:48 =1.2 А. 
15 5 
Potential drop across 5 О resistor = 6 V 
Potential drop across 10 O resistor = 12 V 


44. Taking circuit ABHGA, 


3r 6r 3r 
= (266) 
3 6 
este 
6 
РО ДЕЛ 
і 





2г 

—-+r |r 

Е | _ or 
8 








45. Rey = ЭГ 
—-+rtr 
сс 
Ra clem 
r r 
Ree == ГҮ: а b 
AS 
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46. 


4T. 


Rer =r 


a) Let the equation resistance of the combination be R. 


b 


— 


Uy 


a 


— 


уу} 


b 


— 


Uy 


Uy 





| 2R БЕ: 
К +2 


2R+R+2 
R+2 
R?-R-2=0 
+14V144.1.2 1249. 1+3 
2.1 2 2 





-В 538 +2= В? + 28 


Rz 








Total current sent by battery = = = 


Potential between А and B 
3.1+24=6 

3-2-6- 21= 3 

і= 1.5а 

In circuit ABFGA, 

і. 50 + 21+1- 4.3 =0 

50i + 3i = 4.3 ...(1) 
In circuit BEDCB, 

50i, — (i — 1)200 = 0 

501, — 200i + 200i, = 0 

250 i, — 200i = 0 

50i, – 40i = 0 ...(2) 
From (1) and (2) 

43i = 4.3 —>1= 0.1 

5i =4х1=4х0.1 оох 


Ammeter reads a current = i = 0.1 А. 





= 0.08 A. 


r 
r a b 
*——» 
a b 
1 1 1 1 








Voltmeter reads a potential difference equal to i4 х 50 = 0.08 x 50 = 4 V. 


In circuit ABEFA, 

50i, + 21; + 11– 4.3 = 0 

52 + і = 4.3 

200 x 52i, + 200 i = 4.3 x 200 

In circuit BCDEB, 

1-14200-12-150-0 

200i — 200i, — 2i, — 50i, = 0 

200i – 252i, = 0 

From (1) and (2) 

i((10652) = 4.3 x 2 x 100 

7” 4.3х2х100 -008 
10652 

i = 4.3 — 52 х 0.08 = 0.14 

Reading of the ammeter = 0.08 a 


401) 


...(2) 





Reading of the voltmeter = (i — 1,)200 = (0.14 — 0.08) x 200 = 12 V. 
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48. а) Re = 100400, 200 = 280 
500 
i= 8403 
280 
100i = (0.3 — i) 400 
> 1=1.2-4 
25812-12024. 4000 
0.24 x 100 


24V 





Voltage measured by the voltmeter = 


b) If voltmeter is not connected 
Вен = (200 + 100) = 300 Q 
i= Se 0.28 A 
300 
Voltage across 100 © = (0.28 x 100) = 28 V. 
49. Let resistance of the voltmeter be R O. 
Ri= ср № =24 " 
Both are in series. 
30-V,*V; 24 
30 = iR, + iR? 
30 — iR? = iR, 
30 
В, +В, 


— 
— 


> В. = 30- 





Ro 





=> М; = 30] 1- Re 
R,+R, 





> V4 = 30 б 
В, +В, 


БОВ 
50R 
50-58 


50В х (50 +R) ||. 80(50R) 
(50+R)+(50R + 24)(50 +В)) 508 +1200 +248 


= 30x50xR 
74R +1200 
=> 1332R + 21600 = 1500 R = 21600 = 1.68 R 
=> R = 21600 / 168 = 128.57. 
50. Full deflection current = 10 mA = (10 x 105A 
Вен = (575 + 25)Q = 600 Q 
V = Вх! = 600 x 10x 10? = 6 У. x 
51. 6 = 25 0, 19 = 1 та, 1= 2А, 5 =? 
Potential across А B is same 2 10? 25 
25 x 10? = (2 1073)5 A B 
g= 25x10 _ 25x10? - 
2-10? 1.999 ас S 
= 12.5 x 10° = 1.25 x 10°. 


=> 18 = 30 








50+R( +24) 





> 18 = 30 








= 18(74R + 1200) = 1500 В 


10mA 5750 250 
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52. Rer = (1150 + 50)Q = 1200 Q 500 1.15KQ 


i=(12/1200)A =0.01 A. 
(The resistor of 50 О can tolerate) 12 


Let R be the resistance of sheet used. 


The potential across both the resistors is same. 0.01 500 
0.01 x 50 = 1.99 x R 
0.01х50 50 
=> R= —— =— =0.251 0. -0.01- 
1.99 199 2-0.01=1.99 
R 8 


53. If the wire is connected to the potentiometer wire so that RT = 12” then according to wheat stone's 
DB 


bridge no current will flow through galvanometer. 
Bis lr e (Acc. To principle of potentiometer). 80 120 
Вов Lg 12 3 
АВ + [ов = 40 ст 
= Ів 2/3 + Іов = 40 cm A B 
= (2/3 + 1)lbg = 40 cm 


О 





= 24 ст. 





lag = (40 - 24) ст = 16 cm. 
54. The deflections does not occur in galvanometer if the condition is a balanced ёо RO 

wheatstone bridge. 

Let Resistance / unit length 7 r. 

Resistance of 30 m length = 30 г. 

Resistance of 20 m length = 20 г. 





For balanced wheatstones bridge = © =— 


= 30R=20x6>R= 26- 
30 
55. a) Potential difference between A and B is 6 V. 
В is at 0 potential. 
Thus potential of A point is 6 V. 
The potential difference between Ac is 4 V. 
Va — Vc = 0.4 
Ме =МА-4=6-4=2\. 





b) The potential at D = 2V, Vap = 4 V ; Vsp = OV 
Current through the resisters К; and К» are equal. 
Thus, Ed - um 

К, R, 

> Bie 2 
R2 

> 5 = 2 (Acc. to the law of potentiometer) 

2 
l4 + 5 = 100 ст 


> О S5 eem 
2 2 


> 1; = = cm = 66.67 cm. 


AD = 66.67 cm 





32.14 


Electric Current in Conductors 





56. 


57. 


58. 


c) When the points C and D are connected by a wire current flowing 
through it is 0 since the points are equipotential. 


d) Potential at А = 6 v 
Potential at C = 6— 7.5 = 1.5 V 
The potential at В = 0 and towards A potential increases. 
Thus —ve potential point does not come within the wire. 
Resistance per unit length = = 


For length x, Rx = Хо хх 


a) Рог the loop РАЗО (i, + 233 гх + E (6 x). + iR = E ...(1) 
: 15:02 
For the loop AWTM, —i2.R — ri (i4 * i2) = E/2 
: 15 n 
=> К + я а ...(2) 
А : 15 : : 
For zero deflection galvanometer i; = 0 > 6 rx. и = Е/2 =i, = 
M E : : : 
Putting i, = Bx. апа і = 0 in equation (1), we get x = 320 cm. 
xr 


b) Putting = 5.6 and solving equation (1) and (2) we get iz = Z. 
r 


In steady stage condition no current flows through the capacitor. 
Вен = 10 + 20 = 30 О 
_2 1 
30 15 
Voltage drop across 10 Q resistor =i x R 
РЕТ ШЕЕ 
15 15 3 
Charge stored on the capacitor (0) = CV 
=6x 10° x 2/3=4x10°C=4 uC. 
Taking circuit, ABCDA, 
10i + 20(i-i,)-5 = 0 
=> 100-20-20,-5-0 
=> 30i- 20i, -5 = 0 ...(1) 
Taking circuit ABFEA, 
20(1— 3) – 5 – 101, = 0 
=> 101 – 201; – 101; 5 = 0 
> 201-30. 5 = 0 ...(2) 
From (1) and (2) 
(90 — 40)i, =0 
—4Ó20 
301-5 = 0 
> і = 5/30 = 0.16 А 
Current through 20 О is 0.16 A. 





5x-r 


биг 


100 200 


100 100 
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. At steady state no current flows through the capacitor. 





"E 3x6 -20. 
3-6 
(2224 А 
2 20 


Since current is divided in the inverse ratio of the resistance in each 
branch, thus 20 will pass through 1, 2 О branch and 1 through 3, ЗО 12 
branch F 


Мав =2х1=2\. 

О on 1 uF capacitor = 2 x 1 uc =2 uC 
Vec = 2 x 2 = 4V. 

Q on 2 uF capacitor = 4 x 2 uc = 8 uC 
Мр, = 1 x 3=2V. 

Q on 4 uF capacitor = 3 x 4 uc = 12 uC 
Veæe=3x1=V. 

Q across 3 uF capacitor = 3 x 3 uc = 9 uC. 

- Cog = [(3 uf p 3 uf) $ (1 uf p 1 uf)] p (1 uf) 

= [(3 + 3)uf s 2uf)] p 1 uf 





B 3uf 


3uf 
= 3/2 + 1 = 5/2 yf 
М = 100% А C 
О = CV = 5/2 x 100 = 250 uc auf IH quf 
Charge stored across 1 uf capacitor = 100 ис 
Се between A and B is 6 uf = C 
200 100 


Potential drop across АВ = V = О/С = 25 V SOS 


Potential drop across BC = 75 V. 
. а) Potential difference = E across resistor 


; TEN С R E 
b) Current in the circuit - E/R SARA | 


c) Pd. Across capacitor = E/R 


d) Energy stored in capacitor = Tce? 


2 
e) Power delivered by battery = E x 1 = E «Ё = E 


2 
f) Power converted to heat = E 


. A = 20 ст? = 20 x 10^ т? 

d=1mm=1x10°m;R=10KQ 

_ EA _ 8.85 х107'2 х20х10* 

а 1x10? 

_ 8.85x10 7 x2x10? 

10? 

Time constant = CR = 17.7 x 10? x 10 x 10? 
5477310720477 x 10° s = 0.18 и. 

. C=10 uF = 10? Е, emf=2V 

t-50ms-5x10?s,q-Q(1- e^?) 

Q=CV E10" x2 

q = 12.6 х 10°F 

=> 12.6 х 10° = 2 х 10° (1-e-9*0*/Rxt0*) 





C 


= 17.7 x 10? Farad. 
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64. 


65. 


66. 


67. 


68. 


126x107 _ 4 . sao*/Rao* 





2x10 
=> 1-0.63 = е ®™10/R 
= 22000 иаа, 
R 
= 5000 . 5028 0 = 5.028 x 1030 = 5 KO. 
0.9942 
C=20x10°F,E=6V,R=1009 
t22x 10? sec 


4-ЕС(1-677) 
-2x10? 
= 6x20x10^9 | жесе 
= 12x 10? (1— e) = 7.12 x 0.63 x 10? = 7.56 x 10? 
= 75.6 x 10° = 76 uc. 
C 2 10 uF, = 60 uC, R=102 
a) att=0,q=60 uc 
р) att = 30 us, а = Ое 
= 60 x 109 хе = 44 uc 
c) att= 120 us, q = 60 х 10? хе"? = 18 uc 
d) аїї = 1.0 ms, q = 60 x 10° x e™ = 0.00272 = 0.003 ис. 
C=8uF, E=6V,R=249 
а) l= Уз б DEA 
R 24 
b)qsQu-s ^) 
= (8х 10° x 6) [1-с '] = 48 x 10? x 0.63 = 3.024 x 107 
О 3024x10? _ 
C 8x10 
E=V+iR 
=> 6=3.78 + 124 
=> i=0.09A 
А = 40 m? = 40 х 10^ 
0= 0.1 тт = 1 х 10 т 
В = 16 0; етѓ= 2% 
_ EoA 885x107 x40x10 


үз 3.78 











С = = 35.4 х 10" F 
d 1x10 
Now, Е = Q (ле -eV (1-et/RC) 
AE, АЕ, 
—11 
35.4x10 x2 a e176) 


40x10 x8.85 x10? 
= 1.655 x 10^ = 1.7 x 107 Vim. 

A=20cm’,d=1mm,K=5,e=6V 
R=100 x 10°9,t=8.9x10°s 
_ КЕА  5x8.85x10 ? x 20x10 ^ 
|^ d 1x10? 
_ 10х8.85 x10? x10? 
р 107 





C 


= 88.5 x 10? 
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q = ЕС(1- e 9) 
-89x10 
= 6 x 88.5 x 10 7 |1- e985x107^40* | = 530.97 
Е 1 „500.97 x530 
2 88.5х10-12 
_ 530.97 x 530.97 | 
88.5 x2 
69. Time constant RC = 1 x 10° х 100 x 10° = 100 sec 
а) q=VvC(1-e ^5) 
| = Current = dq/dt = VC.(-) gne. (-1)RC 


1012 





.M ar V | 24 1 
E R? Ве" RC = 108 617190 
= 24 x 10 9 1/е"!0 
{ = 10 min, 600 sec. Y T 
Q = 24 x 10*-4 x (1-е) = 23.99 x 10% | = 
24 





I= ao ge 59510 Amp.. 
e 
b)qsvo(1-e “©°) 
70. Q/2 = Q(1— e ^5) 


t (in sec >) 10 min 


1 -YCR 

> —=(1-е 
2 ) 

— gU = 16 

> + = ю92 = п = 0.69. 
ВС 


71. а= Ge" 
q=0.1%Q RC = Time constant 
=1x10°Q 
So, 1x 10? Q = Охе 
> e = In 10? 
=> t/RC = -(-6.9) = 6.9 
72. q= Q(1- e^) 














2 2 
ЗӨ ЕРА А. 
2C 2c 

2 2 
2c 2C 

E NN 

2 42 

Q А 

= = 0(1-е" 

um ( ) 

1 _ 1 

— =1-e” ceti qe = 

52 42 
> п= 2 v2 | = 1.22 

2-1 
73. Power = CV = Qx V 
QV 


Now, Sor -QV х e "PC 
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74. 


75. 


76. 


77. 


78. 


=> = 6" 
= + -nos 
RC 


> -(-0.69) = 0.69 
Let at any time t, q = ЕС (1-е 
2 


202 2 
Е = Energy stored = 9 = E (1- e )2 = EM Ce tory 
2c 2c 2 


ЧЕ _ | ed ) (1 e RC g-t/RO _ E? a ORC (1 gt CR) 
dt 2 «RC CR 


—t/CR 
) 








R = rate of energy stored = 


dR _ ЭР T 4-6 


КЕ -UCR) 0). өл! CRO-/RC) eve | 
dt 2R 


RC 
E? (22 | e ?UCR $ 1 een] Een 2) 441) 
2R RC RC RC 2В RC RC 

= -tRC 2 -UCR — 
For Rmax dR/dt = 0 > 2.e -1=0 >e = 1/2 


> АВС = An? 2 t- RC In2 





-. Putting t = RC In 2 in equation (1) We get ЯВ - Е? 
dt 48 
Cs120yP212x10^ 
emf =6.00V,R=1Q 
{= 12ис,ї=юе ™®° 
CV etre _12x10° x6 | 1 
12х10 


= 2.207 = 2.1 A 

b) Power delivered by battery 
We known, V = Мо e “© (where V and V; are potential VI) 
VI = уд е “© 

=> М = Vol x e™ = 6 x 6 x e™ = 13.24 W 


cv? _ cv? 
c) U= - (е КӨЛ? [ 





= energy drawing per unit time] 


-8 
= 12x10 x96 (61)? = 4.872. 
12x10 


Energy stored at a part time in discharging = о СУ ene у 
Heat dissipated at any time 
= (Energy stored at t = 0) – (Energy stored at time t) 


= cy? 1 ev е')? = 1 evt g^) 
2 2 2 





| ра: = [6 Бе-2ЧВС qt = QR | e2 Rat 


=  В(-8С/2)е ?"/RC = о CÓRte ture - 2см (Proved). 


Equation of discharging capacitor 


4 
-ивс К & АМ фраке, AI Ad _ Keg AV et PKs 


z e 
qo d d 
T= pKeg 


-. Time constant is pK є, is independent of plate area or separation between the plate. 
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79. 


80. 


81. 


82. 


83. 


84. 


t/RC 
) 


q = 90(1 -е 


250 





—0.2х103 
= 25(2 +2) x 10° Ї — @25x4x10° | 2uF 
= 24 x 10? (1— e?) = 20.75 Mod 
Charge on each capacitor = 20.75/2 = 10.3 e 
In steady state condition, no current passes through the 25 uF capacitor, 


25uF 
. Net resistance = DE =50. 


2uF 


Net current = — Кур 
Potential difference across the capacitor = 5 
Potential difference across the 10 О resistor Р 
100 


= 12/5 х 10 = 24 М 


а = Q(e 6) = V x C(e ©) = 24 x 25 x 10 [eg 510? /10х25х10* | 
= 24 x 25 x 109 е“ = 24 x 25 х 10? x 0.0183 = 10.9 x 10°C 
Charge given by the capacitor after time t. 





-6 
Current in the 10 O resistor 5 109x10 C MA. 
1x10" sec 
С = 100 uF, emf = 6 V, = 20KO,t-48S. 
Е -t 4 
Charging : О = CV(1— e “© | - | 
ай RC 2x10^*x10^ 


=6 х 1041-е?) = 5.187 x 10^C 2 Q 
Discharging : q = Q(e * ^6) = 5.184 x 10 * 
20.7 x 10^ C = 70 uc. 
С.С, С; C2 


С = 
ME булыб» Е 
4 С.С 1 
Q = Ceg E(1 - е0) = —1"72  g(4 Lg RC 
ff ( ) C, +С» ( ) E r 


Let after time t charge on plate B is *Q. 
Hence charge on plate A is Q — q. 








.Q-q,.4 
МА = -g S487 С А Va 
а-а а Q-2q 
М-М = = 
А B С С С 7 R 
Current = МАҸ _ 9-29 В 
R CR 
Current = 99 - 9-24 
СК 
ЗЭВ {в 
029 "Rc 029 "RC 


0-23 Jia 
Q RC 
> 0-24-0692" > 2q 2 Q(1— е2) 
> а= S (1-22) 
The capacitor is given a charge Q. It will discharge and the capacitor will be charged up when 
connected with battery. 


Net charge at time t= Qe'/®°+Q¢i-e URC), 








1 
| 2 | - 4 | 
= -5In(Q-2q)-InQ] uc = In 
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CHAPTER - 33 
THERMAL AND CHEMICAL EFFECTS OF ELECTRIC CURRENT 


1. i=2A, г= 250, 
t = 1 min = 60 sec 
Heat developed = i? RT = 2 x 2 x 25 x 60 = 6000 J 
2. R=100Q, E=6v 
Heat capacity of the coil = 4 J/k AT = 15°c 


2 
Heat liberate > Е- =4J/Kx 15 


6x6 
= 
100 





xt = 60 > {= 166.67 sec = 2.8 min 


v? 


3. (а) The power consumed by a coil of resistance К when connected across a supply v is P = R 


2 
(b)IfP21000w then R= — = — — =62.5 0 


4. f=4%10° Om P = 500 W E = 250 v 


(b) A = 0.5 mm? = 0.5 x 10 m? = 5 х 107 m? 
pefea RA 125x5x107 
A f 1x107 
(c) 62.5 = 2nr x n, 62.5 = 3 x 3.14 x 4 x 10? x n 
— 62.5 Вэ 62.5x10° 
2x3.14 x 4x10 8x3.14 

5. V=250V Р = 100 м 
_ у? (250y 


Р 100 


= 625 х 10°'= 62.5 т 





= 2500 turns 





-6250 Ч 


10 


qs = 0.034 2 





Resistance of wire R = A =1.7x 10% x 


г. The effect in resistance = 625.034 О 


г. The current іп the conductor = у = = А 
R 625.034 


220 


2 
—— — — | х0.034 
625.034 


-. The power supplied by one side of connecting wire = | 





2 
2. The total power supplied = e x0.034 x 2 = 0.0084 w = 8.4 mw 
625.034 
6. E-220v P-60w 
2 
pz = 220x220" 220511 
P 60 3 
2 
(a) Е = 180v Ва а TOU ЭЗ ы dod AV 





R 220x11 
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10. 


11. 


V?  240x240x3 





(b) E = 240v P= = =71.4=71w 
R 220 x11 
Output voltage = 220 + 1% 1% of 220 V = 2.2v 
2 2 
The resistance of bulb К = an 2202. = 484 О 
Р 100 
(а) For minimum power consumed V, = 220 – 1% = 220 – 2.2 = 217.8 
2.7.2118: 0.45 А 
R 484 


Power consumed =i x V4 = 0.45 x 217.8 = 98.01 W 
(b) for maximum power consumed V; = 220 + 1% = 220 + 2.2 = 2222 





= + = — = 0.459 
R 484 
Power consumed = i x V; = 0.459 x 222.2 = 102 W 
V-220v P-100w 
2 
ыг V^ _ 220х220 = 484 Q 
P 100 
P = 150 w V= {РВ = ¥150x 22x22 = 22,150 = 269.4 = 270 v 
2 
P = 1000 V-220v Ru uu 50 лаа 
Р 1000 





Mass of water - ~ x 1000 = 10 kg 


Heat required to raise the temp. of given amount of water = msAt = 10 x 4200 x 25 = 1050000 


2 
Now heat liberated is only 60%. So T Тх60% = 1050000 





2 
(220) В = 1050000 > T = 19900... T. nub = 29.16 min. 
48.4 100 6 60 
Volume of water boiled = 4 x 200 сс = 800 cc 
Т; = 25°С T2 = 100°С > Т2 — Т, = 75°C 


Mass of water boiled = 800 x 1 = 800 gm = 0.8 kg 


Q(heat req.) = MSAO = 0.8 x 4200 х 75 = 252000 J. 
1000 watt — hour = 1000 x 3600 watt-sec = 1000x 3600 J 








No. of units 5 M = 0.07 = 7 paise 
1000 x 3600 
(b) О = mSAT = 0.8 x 4200 x 95 J 
No. of units = 2-8*4200%95 _ 0.0886 = 0.09 
1000 x 3600 
Money consumed = 0.09 Rs = 9 paise. 
Р = 100 м V-220v 
Case 1: Excess power = 100 — 40 = 60 w 
Power converted to light — = па = 36 w 
2 
Case 11 : Power = (220) = 82.64 м 
484 
Excess power = 82.64 — 40 = 42.64 w 
60 





Power converted to light = 42.64 x 100 = 25.584 w 
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12. 


13. 


14. 


15. 


16. 


17. 


AP = 36 - 25.584 = 10.416 








Required 96 = me x100 = 28.93 = 29% 
12 5 6 _ 12 
Rae ae i= = — Amp. 
TU 8 2 (EQ) p 
ré-ü-ngorec «2-2 
8i' = 24 iz 25023 Amp 
5 5x8 5 
Ij = АНИ 
5 5 5 





(a) Heat = і? RT = 2x 2x 2x15 x60 = 5832 


2000 J of heat raises the temp. by 1K 
5832 J of heat raises the temp. by 2.916K. 
(b) When 60 resistor get burnt Ref= 1+2=3 О 


6 
i= — = 2 Атр. 
3 p 


Heat = 2 x 2 x 2 x15 x 60 = 7200 J 

2000 J raises the temp. by 1K 

7200 J raises the temp by 3.6k 
Ө = 0.001°C а=- 46 x 10° v/deg, b =-0. 48 x 10? v/deg? 
Emf = ав; Ө *(1/2) Было 0^ = — 46 x 10? x 0.001 — (1/2) x 0.48 x 10? (0.001)? 
=— 46 x 10° – 0.24 x 107 = – 46.00024 x 10° 2 4.6 x 10? V 
Е = адь + bag0" сило = асирь — Бдорь = 2.76 - 2.5 = 0.26 рм/°С 
Dcuag = Бсирь — Dagro = 0.012 — 0.012 pvc = 0 
E = адве = (0.26 x 40) uV = 1.04 x 10? V 
0-0"С 
Acu ko = асирь ав = 2.76 = 16.6 = — 13:8 БУС 
Всике = boupu Drs 6 = 0.012 + 0.030 = 0:042 мес? 
Neutral temp. on -2 = 13:8 °С = 328.57°С 

b 0.042 

(a) 1eq. mass of the substance requires 96500 coulombs 

Since the element is monoatomic, thus eq. mass = mol. Mass 

6.023 х 10? atoms require 96500 C 

96500 
6.023 x10? 
(b) Since the element is diatomic — eq.mass = (1/2) mol.mass 

-. (1/2) x 6.023 x 10? atoms 2eq. 96500 C 

96500 x 2 


1 atoms require С= 1.6 х 10°C 


= 1 atom require = ————__— = 3.2 х 10776 
6.023 х10 
At Wt. At = 107.9 g/mole 
1=0.500A 
Eng = 107.99 [As Ag is monoatomic] 
Zag = Ea AUS. = 0.001118 
f 96500 


M = Zit = 0.001118 x 0.5 x 3600 = 2.01 
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18. 


19. 


20. 


21. 


22. 


23. 


24. 


t = 3 тіп = 180 sec w=2g 
Е.С.Е = 1.12 x 10 ? kg/c 
> 3х 107° = 1.12 x 10° хіх 180 

















-3 
>i= шаш = 1102 «15 Amp. 
1.42x«10 ? x180 6.72 
ай — 2g 125222. 
2241. 22.4 
m - Zit е4 = оо! жир =Т= 2 ре = 1732.21 sec = 28.7 тт = 29 min. 
22.4 96500 22.4 
wem 51= М" 2,1.5 3600 > тт= —2%96500_ - 26.8 g/molo 
3x 96500 2x1.5x 3600 
E, -Mı Е 107.9 _ Wy -— 107.9 x3 = 12.1 gm 
Е, w mm 1 26.8 
3 
[= 15А Surface area = 200 cm? ; Thickness = 0.1 mm 


Volume of Ag deposited = 200 x 0.01 = 2 cm? for one side 
For both sides, Mass of Ag = 4 x 10.5 = 42g 








228 EDS: m = ZIT 

F 96500 
—42= 1079 «15хт > T= 22*98900 - 2504.17 sec = 41.73 тїп = 42 min 

96500 107.9 15 д 
w = Zit <> 
= 1079 , дох 60 
00 
jo 268x965 3 00 = 4 Amp 
107.9 x6 


Heat developed in the 20 Q resister = (4)? x 20 x 10 x 60 = 192000 J = 192 KJ 
For potential drop, t = 30 min = 180 sec 
V; = Vt iR 2 122 10 + 2i і = 1 Amp 
m = zit = 10-9 x1x30x60 = 2.01 g=2g 
96500 
A= 10 cm?x 10 “cm? 
{ = 10т = 10x10? 
Volume = A(2t) = 10 х 10% x 2 х 10 х 10 = 2 х 102 х 10222 x 10? т? 
Mass = 2 х 10? х 9000 = 18 x 10? kg 
W-2ZxC218x10?23x10^'xC 





oe ce oe oe che 
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CHAPTER - 34 
MAGNETIC FIELD 








q = 2 х1.6 x 10? C, v 23 x 10^ km/s = 3 x 107 m/s 
B=1T, F =qBv=2 x 1.6 x 107" x 3 x 10” x 1 =9.6 10 ^ №. towards west. 
KE = 10 Kev = 1.6 x 107” J, В=1х107Т 
(a) The electron will be deflected towards left 
(b) (1/2 ту? = KE > V = цэг Е = qVB & асс = ae 
m me MUS 
B 


1.,0VB. х? _ аВх? 
2 m, V? 2m,V 
"PER Sd ыб: 1.6 х 10-19 x1x107 x1? 

m4. aee ems 
By solving we get, s = 0.0148 = 1.5 x 10? cm 
B-4x410? T (К) 





4 
5 
Y 


Applying s = ut + (1/2) аё = 











Е = [41 *3j x 107] М. Fx=4 x10" N Fy=3 x10" № 
О=1х10° С. 
Considering the motion along x-axis :— 
F 4x10710 
Fx = quVyB > Vy = = = 100 m/s 
ХОШУУ Y aB 1х10-9х4х10-—9 

Along y-axis 

-10 
Ру = дУ,В-» Vx = Е = 2x10 = 75 m/s 





qB 1x10 x4x107? 
Velocity = (75i + 1001) m/s 


В -(70i-3.0j) x 10? T 

а = acceleration = (---i + 7j) x 1077 m/s? 

Let the gap be x. 

Since B and à are always perpendicular 

Вха =0 

=> (7x х 103 x 10-3 х 10° 7 х 1075) =0 

> 7х-21=05х=3 

m = 109 = 10x 10? kg 

q = 400 mc = 400 x 10°C 

v = 270 m/s, В = 500 ut = 500 х 10° Tesla 
Force on the particle = quB = 4 x 10? x 270 x 500 x 10° = 54 x 10? (К) 
Acceleration on the particle = 54 x 1077 m/s? (К) 
Velocity along i and acceleration along k 

along x-axis the motion is uniform motion and 





along y-axis it is accelerated motion. a 
Along – X axis 100 = 270 x t> t= = 

Along — 7 axis s = ut + (1/2) at? v 
>s= 5 х 54 x 10? x P 55 = 3.7 х 10° 





34.1 


Magnetic Field 





10. 


11. 


12. 


Qp- е, mp =m, F=qpxE 


ma 
or Map = eE ог, Е = —2 towards west 
e 


The acceleration changes from ас to Заз 


Hence net acceleration produced by magnetic field B is 2ао. 
Force due to magnetic field 


= Е, = тх 2а =ех Vo x В 





= В = downwards 
eVo 
| = 10cm = 10 х 10° т = 10” m 
i= 10 A, B = 0.1 T, Ө = 53° 


Е = iL В Sin 0 = 10 x 10! x0.1 x 0.79 = 0.0798 = 0.08 
direction of F is along a direction Lr to both | and B. 

F = 18 = 1х 0.20 х 0.1 = 0.02 № 

For Ё = їх В 

So, For 

da & cb > I x В = I B sin 90° towards left 


Hence F 0.02 № 
For 


dc & ab > F =0.02N 
Е = ilB Sin Ө 
= ИВ Sin 90° 
= і 28В 
=2х (8 х 10-2) х 1 
= 16 х 102 
= 0.16 №. 


Length = |, Current = 1ї 

B =Bo(i+j+k)T = Boi  Boj  BoKT 

F-IIx B = Ili х В, +В) +В, 

-IIBoixi* IBoixj* IBoi xk = II BoK —11 Во} 


or, F = 22208, = J211B, 


i=5A, | = 50 ст = 0.5 т 
В= 0.27, 

F = ilB Sin 0 = ilB Sin 90? 
=5х0.5х 0.2 

= 0.05 М 

(1) 


| = 2ла 


towards left 


downward 


Magnetic field = B radially outwards 

Current > Т 

F=ilxB 

= іх (2na x B) 

© = 2лаі B perpendicular to the plane of the figure going inside. 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


B- Bo e, 
e, - Unit vector along radial direction 
Е-(1х8)-18 Sin 0 
_ К2ла)Воа _ 12ла?Во 
Уа? +49? а? +d? 
Current anticlockwise 
Since the horizontal Forces have no effect. 











Let us check the forces for current along AD & BC [Since there is no B] 

In AD, F=0 

For BC 

F = iaB upward 

Current clockwise 

Similarly, F = — iaB downwards 

Hence change in force = change in tension 

= jaB - (-iaB) = 2 iaB 

F, = Force on AD = ifB inwards 

F> = Force on BC = ИВ inwards 

They cancel each other 

F3 = Force on CD = ifB inwards 

F, = Force on АВ = ИВ inwards 

They also cancel each other. 

So the net force on the body is 0. 

For force on a current carrying wire in an uniform magnetic field 

We need, | > length of wire — в 
i > Current 
В — Magnitude of magnetic field ae eb 

Since F = ifB 

Now, since the length of the wire is fixed from A to B, so force is independent of the shape of the wire. 

Force on a semicircular wire @B=05T 

= 2iRB BA 

=2х5 х 0.05 x 0.5 В 

= 0.25 № son 

Here the displacement vector di =A 





B 1 


So magnetic for i —tdixB =i x АВ 

Force due to the wire AB and force due to wire CD are equal and opposite to each X X 
other. Thus they cancel each other. x^ Cx 
Net force is the force due to the semicircular loop = 2iRB x 
Mass = 10 mg = 10? kg x 

Length = 1m Xs X ng 
I=2A, B=? 

Now, Mg = ilB 


(a) When switch S is open о 
2T Cos 30° = mg T 1 
zoo mg 
2Cos30° P Q 
-3 
= 200x107 x98 _ 1.13 


2.3/2) byw 


—T 
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22. 


23. 


24. 


25. 


26. 


(b) When the switch is closed and a current passes through the circuit = 2 A 


Then 
— 2T Cos 30° = mg + ilB 

= 200 x 10° 9.8 + 2 x 0.2 x 0.5 = 1.96 + 0.2 = 2.16 
_ 2.16х2 _ 


43 


=Т= ын = 1.245 = 1.25 


—2T 2.49 


Let 'F' be the force applied due to magnetic field on the wire and 'x' be 


the dist covered. 
So, Ех | = umg хх 
=> ibBl = umgx 
_ 10ВІ 
umg 
НА-Р 
—yuxmxgz-ilB 


6 


= их 10 x 103 х 9.8 = — x 4.9 x 10° x 0.8 


_ 0.3x0.8x10? 


= р 
2х10-2 


= 0.12 


Mass = m 
length = | 
Current = i 
Magnetic field = B =? 
friction Coefficient = u 
ЇВ! = ито 
= Mg 
il 


(a) Fy =ix dl х В towards centre. (By cross product rule) 


(b) Let the length of subtends an small angle of 20 at the centre. 


Here 2T sin 0 = i x dl х B 
—2T0-ixax20xB [As 0 > 0, Sin 0 = 0] 
—Tz2ixaxB 4-ах20 

Force of compression on the wire = і а В 











_ јав 2ла _ 2xa^iB 

u^ Y nr? Y 
2ла2В 
nr? Y 








So, dp = (for small cross sectional circle) 


_ 2ma^B 1 _ 


аав 
2120 one a 
nr^Y 2л 


dr 
nr?Y 





xj x х х 
x| |х х х 








34.4 


Magnetic Field 





27. B= Bol 14% ]K 


fı = force on AB = ІВ; + 0] = iBol D С 
f2 = force оп CD = Во + OJI = Ва n 
f3 = force on AD = iB,[1 + 0/1] = Ва | 
f4 = force оп AB = Ва + 1/1] = 2iBol 
Net horizontal force = Е, – Е = 0 А В 
Net vertical force = F4 — Ез = Во a 
28. (a) Velocity of electron = v 
Magnetic force on electron ххх ххх 
F = evB X X x] |x x 
(b) F = qE; F = е В xo сул | l x 
or, ЧЕ = evB | V 
— еЕ = е В ог, Е = В ххх ххх 
(с) Е = av = У 
аг | 
>V=IE=IvB 
29. (a)i = VonAe 
> Мо = SN X X X X X x 
nae 
"E ~ 
(в) regm B. = 1B наг) X X X X X X 
nA nA 
(c) Let the electric field be E dE D M M E 
Ee- B Sg. B. 
An Aen 


(ay 9V. -Е- ау = Edr 
аг 


= Еха = B j 
Aen 
30. q=2.0 x 10°C В =0.10T 
m=2.0x 10" g=2x10" g 
v = 2.0 x 10? m/ 


mv _ 2x10? x 2x10? 








R= 5 : = 0.2 т = 20cm 
qB 2x10? x107 
-13 
qc ens жыш рны бе 
qB 2x10 ° x107 
31. r= ША 
qB 
pote С (1) 
e0.1 
r= RN (2) 
2ex 0.1 
(2) + (1) 
2 Lo ао будун гүү; 





0.01 2ех0.1хту 2 
32. КЕ = 100ev = 1.6 x 10" J 

(1/2) x 9.1 x 107! x V? = 1.6 х 1077) 
1.6x107 7 x2 


“ага = 0.35 x 10" 
ох 


= \? = 
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33. 


34. 


35. 


36. 


or, V = 0.591 х 10’ m/s 


mo 9.1x 10 3! x 0.591x 107 10 
Now г = > = 








qB 1.6 x10719 xB _ 100 
-23 
B= 9.1x0.591 10 = 3.3613 x 10^ T = 3.4 x 10^ T 
1.6 10779 


2nm _ 2x3.14x9.1x107! 
qB 16x10? x3.4x10~4 





Tom 


No. of Cycles per Second f = E 


_ 16x34 „10° x10% 
2x3.14x9.1 107?! 
Note: .. Puttig B 3.361 x 10“ T We get f = 9.4 x 10° 
Radius =|, КЕ-К K 
_ mV _ J2mk 
L- >l= | 
qB qB 
2mk 
gl 


= 0.0951 x 10? = 9.51 х 10° 











эВ- 
у= 12 КУ E- 7 Now, Р= дЕ = 45 onam E = SY 
m 


о = 1 x 10? m/s 


ог \ = EUM €—— 
ml m 





or 1 х 108 = [2x 9.4240? 
m 


= 10° = 24 x 40? x Ч 
m 


3 
ns н = 24 x 10? 
q 10 
mV _ 24x10? x 1x10? 
qB 2x107 
V = 10 Km/' = 10* m/s 
В-1Т, а= 2е. 
(а) F = qVB = 2 x 1.6 х 107" х 10* х 1 = 3.2 х 10 № 
mV _ 4x16x107 х104 _, 1077 


qB 2x1.6x107? х1 1077? 
2 _ 2nmv _ 2nx4x1.6x10 7 
V  gqBxv  2x16x107? х1 
=4r x 10? = 4 x 3.14 x 10? = 12.56 x 10? = 1.256 х 10°’ sex. 
v 2 3 x 10° m/s, В -0.5 T, m = 1.67 x 107” kg 
Е = quB gp = 1.6 х 1079 С 
_ 408 
т. 
_ 050 атое x107 
1.67 х10-27 
= 17.245 x 10' = 1.724 x 107 m/s? 


— 





r= -12x10?m- 12 ст 


=2х 10 т 








(0) r= 


(c)Time taken = 





-_Е 
or, аз-- 
т 
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37. 


38. 


39. 


(а) 8-1, B- 0.5 T, r= ЇР? 
qB 
(94x10?! xv 
=т=т 
1.6x10 °° x0.5 
-19 
=> y = 19x05x10 ^ 0.0879 х 10 = 8,8 x 10 m/s 


9.1х 1077 
Мо, it is not reasonable as it is more than the speed of light. 


о 
b m 
(b)r qB 


А 1.6x107 xv 
1.6 х 10-19 x 0.5 


-19 
v= 1.6x10 7 x 0.5 =05х 108 = 5х 107 m/s. 


1.6х10-27 
(a) Radius of circular arc = m 
(b) Since MA is tangent to are ABC, described by the particle. M N 


Hence ZMAO - 90* 

Now, ZNAC = 90? [:- NA is Lr] 
-.ZOAC = ZOCA = 0 [By geometry] 
Then ХАОС = 180 - (0 + 0) = 1 – 20 





(c) Dist. Covered | = r0 = 98 (7-29) 


{= 1 = mo — 20) 
о ОВ 
(d) If the charge ‘а’ on the particle is negative. Then 5 
(i) Radius of Circular arc = me X 3 х X X 
qB o Ao 
(ii) In such a case the centre of the arc will lie with in the magnetic field, as seen x V хх X x 


in the fig. Hence the angle subtended by the major arc = x + 20 


(iii) Similarly the time taken by the particle to cover the same path = ов" +20) 
q 


Mass of the particle = т, Charge = q, Width = d а=: 
(a) If d mV л/2 X X X X4 X X 
a = — 

qB 22223 
The d is equal to radius. 0 is the angle between the 
radius and tangent which is equal to 7/2 (As shown in the figure) 








(b) If = та distance travelled = (1/2) of radius V 

i M 

Vy 
Along x-directions d = Vxt [Since acceleration in this direction is 0. Force acts along V Vx 
Ї directions] 
оо 41) 
Vx 
Woe erate 0+qu,Bt - qu,Bt 
m m 
From (1) putting the value of t, Vy = архе 
х 
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40. 


41. 


42. 


ава | qBmV, 1 


Tan = “Ys = 
Vy mV, 2qBmVy 2 





= 0 =їат' (2) = 26.4 = 30° = n/6 


а= 279 i 
qB A 

Looking into the figure, the angle between the initial direction and final direction of velocity is л. 
и = бх 10° m/s, В-0.5Т, r4 = 3/2 = 1.5 ст, r2 = 3.5/2 cm 
pim A х (1.6x10 7") x6 x 104 

qB 1.6 x107? x 0.5 
—15-Ax12x10* x 
1.5 _ 15000 


"12x10 12 x 
mu _ 3.5 _ A'x(1.6x10 7" )x 6x10* 
qB 2 1.6 х10-'9 x 0.5 
,. 8.5x0.x107? _ 3.5x0.5x10* 
= А’ = = 
2x6x10^ х10-27 12 
А _ 1.5 12x10% _ 6 


= х 
А’ 12x10^ 35х05 7 
Taking common ration = 2 (For Carbon). The isotopes used are C" and C^ 














fo = 








V = 500 \ В = 20 mT = (2х 10°) Т 
g= V = 200 _ p- 9500 _ „= 9500 
d d d dm 


2 = 2а4=2х 9900 ,4 и? = 1000%9 y = |1000х4 
dm m гм 


«= 4/1000 хат _ ym, /1000 _ 457 x1.6x 10-7" x10? 
= = = 
Чи m.B МВ —— 416x109 x2x107? 
ma1000xq; _ Jm; 41000 _ {1000х58х1.6х1027 
Ч: ут>В q2 В 41.6х10:9 x20 x107 
For К — 39 : m = 39 x 1.6 x 10” kg, В=5х 10'Т, а= 1.6 х 10? C, К.Е = 32 KeV. 
Velocity of projection : = (1/2) x 39 x (1.6 x 107^) v? = 32 x 10? x 1.6 x 10-2’ = v = 4.050957468 х 10° 
Through out ht emotion the horizontal velocity remains constant. 
" 0.01 
40.5095746 8 x 10? 








= 1.19 x 10? m = 119 ст 

















м = = 1.20 x 10? т = 120 cm 





= 24 x 10? sec. [Time taken to cross the magnetic field] 


Асс. In the region having magnetic field = ЧУВ 
m 


_ 16x 1079 x 4.050957468 x 10? x 0.5 


39 x1.6x 10:27 
V(in vertical direction) = at = 5193.535216 х 10? x 24 x 10? = 12464.48452 m/s. 


Total time taken to reach the screen = 0:905 = 0.000002382 sec. 


40.5095746 8 x 10? 
Time gap = 2383 x 10° – 24 x 10? = 2358 x 10? sec. 
Distance moved vertically (in the time) = 12464.48452 x 2358х 107° = 0.0293912545 m 
V? = 2as => (12464.48452)? = 2 x 5193.535216 x 10° x S = S = 0.1495738143 х 10? m. 
Net displacement from line = 0.0001495738143 + 0.0293912545 = 0.0295408283143 m 
Рог К — 41 : (1/2) x 41 x 1.6 x 1077 v 232 x 10? 1.6 x 10? = v = 39.50918387 m/s. 


= 5193.535216 х 10? m/s? 
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43. 


44. 


45. 


-19 
qvB _ 16х1079 x395091.8387 х0.5 _ 1348 193154 x 10° mis” 





а - 
m 41x1.6 x 107" 
t = (time taken for coming outside from magnetic field) = OR 25 x 10? sec. 
39501.8387 
V = at (Vertical velocity) = 4818.193154 х 10? x 10° 25 x 107 = 12045.48289 m/s. 
(Time total to reach the screen) 5 ML 0.000002442 


395091.8387 
Time gap = 2442 x 10? — 25 x 10? = 2417 x 10? 
Distance moved vertically = 12045.48289 x 2417 x 107° = 0.02911393215 
Now, V? = 2as => (12045.48289) = 2 x 4818.193151 x S — S = 0.0001505685363 m 
Net distance travelled = 0.0001505685363 + 0.02911393215 = 0.0292645006862 
Net gap between K- 39 and К- 41 = 0.0295408283143 — 0.0292645006862 
= 0.0001763276281 т = 0.176 mm 
The object will make a circular path, perpendicular to the plance of paper 
Let the radius of the object be r 
mV 
qB 
Here object distance K = 18 cm. 
ЛЕЕ: (lens eqn.) = 1 | : E v = 36 cm. 
v uf у (-18 12 
Let the radius of the circular path of image = r' 
image height 
object height 
Hence radius of the circular path in which the image moves is 8 cm. 
Given magnetic field = B, Ра = V, mass of electron = m, Charge =q, 
V 


2 
mv 
—— =qvB>re= 








So magnification = == Г (magnetic path = sre vpsre F, =8 cm. 
u r u 
































Let electric field be ‘Е’ ..E = R' Force Experienced = eE 
Acceleration = SE = SE Now, V7=2xaxS [^ x =0] 
Rm 
TE Peek E Е 
Rm m 
Time taken by particle to cover the arc = zum: = 
e 
Since the acceleration is along ‘Y’ axis. 
Hence it travels along x axis in uniform velocity 
2 
Therefore, = о xt= еп х eme, ш 
т ев ев? 
(a) The particulars will not collide if 
X X X 
dz r4 + fo 
а Mm та T ж Ж 
qB qB m y у 74 
хх 
ER 2mVa yes qBd 
B 2m 
V 
b)V= m 
(b) 2 
d А 
d =r +r =2/ 19811 d min. dist.) (3— С) 
2x2mxqB 2 d 
+ » 
9 % 
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46. 


4T. 


48. 


49. 





Max. distance d = а + 2г= а + 3 = > 
(c) У = 2%. 
е шыбы с ; r2 =d -. The arc is 1/6 
qB 2n x qB 
(d) Vn = 96 
2m 


The particles will collide at point P. At point p, both the particles will have motion m in upward direction. 
Since the particles collide inelastically the stick together. 


Distance | between centres = d, Sin 0 = = 
r 


Velocity upward = v cos 90 — 0 = V sin Ө = x ely) 
r и, 
Р 








mv mv 
—— =qvB = г= — 
r qB 
Vsing= V». V = 984 -у, 
2r mv 2m 
qb 
Hence the combined mass will move with velocity Vm 
В = 0.20 T, v=? т = 0.0109 = 10° ка’ q=1x10°C 
Force due to magnetic field = Gravitational force of attraction 
So, quB = mg 
э1х107хох2х107-1х107х98 
-5 
5 POR = 49 mis. 
2x107 
r=0.5 ст =0.5 х 10° т 
B=04T, E = 200 V/m 
The path will straighten, if qE = quB > E = 1988 te 
m qB 
2 
Sip сы е ОА Ж = 208 = 2.5 х 10° c/kg 


m Вг 0.4х0.4х0.5х10-2 

Mp = 1.6 х 1077 Kg 

v - 2 x 10? m/s г-4ст-4х 107 т 

Since the proton is undeflected in the combined magnetic and electric field. Hence force due to both the 
fields must be same. 

i.e. qE = доВ > E = vB 

Won, when the electricfield is stopped, then if forms a circle due to force of magnetic field 


We know r = шы 
qB 


1.610727 x 2x10? 
2- 
ОЕ. Эх ee 


1.6x10 7 x2x10° 
>В= 4402 х16х10-9 = 0.5 х 10 = 0.005 T 








E=vB=2x 10? x 0.05 = 1 x 10^ МС 

q=5uF=5x10°C, m 25 x 10 kg, V = 1 km/s = 10° m/ 
0 = Sin (0.9), B=5x10°T 

mv’ _ mvsind_ 5x10 ?x10?x9 


= F С = 0.18 metre 
qB qB 5x10? +5х10° +10 





We have mv” = qv'B r- 
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50. 


51. 


52. 


53. 


Hence dimeter = 36 cm., 


2и € 2x3.1416 x 0.1x 41— 0.51 
узт Ө 0.9 
The velocity has a x-component along with which no force acts so that the particle, moves with uniform velocity. 
The velocity has a y-component with which is accelerates with acceleration a. with the Vertical 
component it moves in a circular crosssection. Thus it moves in a helix. 
В -0.020T M= 1.6 x 1077 Kg 
Pitch 20 cm = 2 x 10 т 
Radius = 5 cm = 5 x 10? m 
We know for a helical path, the velocity of the proton has got two components 0, & Өң 
1.6х10-27 хө, 
16x10 7? х2х1072 


_ 5x10? x1.6x10 ° x2x10? 


Pitch = = 0.54 metre = 54 mc. 








m0, 


Now,r- —5x10?- 














= 0, ӯ = 1 х 10° m/s 
1.6 х10 
However, Өн remains constant 
_ 2nm 
- Б 


Pitch = 0, xT or, 04 = Fiteh 





2x107 
Өн = 27 
2x3.14x1.6x107 
Velocity will be along x — z plane 


х1.6х10-19 x 2x107? = 0.6369 x 10° = 6.4 x 10* m/s 





B --BJ Ё-ЕсК 
F =q Е+УхВ) =q Eok « (ux) +u,k)(-Bo))| = (Eo k - (Во + (и.в в’ 
Fz = (qEo л uxBo) ES 
Since их = 0, Fz = qEo E. 
E E A 
= а, = 320 So, v? =u? + 2as >v? = 29-97 [distance along Z direction be z] 22 
m m 
zy |24Е,2 
m 
The force experienced first is due to the electric field due to the capacitor 
V . е , е 


= — F-eE 
d 


eE 
а= — [Where e charge of electron m, > mass of electron] 
me 





ait Meese = 2, 9E am 2xexVxd 
me dm, 





2eV 





ого = 
е 


Now, The electron will fail to strike the upper plate only when d is greater than radius of the are thus formed. 


зы 2eV 

Ў jew? 
Me vd 42т,М 
е 





ord» 


B eB? 
t=niAxB 
=т= ni AB Sin 90° = 0.2 = 100 х 2 x 5 x 4 x 10* х В 
В = Oe = 0.5 Tesla 





^ 100х2х5х4х10-4 
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54. 


55. 


56. 


57. 


58. 


59. 


п = 50, r = 0.02 т 
А = n (0.02), B-0.02T 
|-5А, w=niA=50x5xnx4x10~ 
т is max. when 0 = 90° 
t= u x B = uB Sin 90° = uB = 50x 5х 3.14 x 4x 10* x 2x 10 = 6.28 x 10? М-М 
Given т = (1/2) таах 
> Sin Ө = (1/2) 
or, 0 = 30° = Angle between area vector & magnetic field. 
— Angle between magnetic field and the plane of the coil 90° — 30° = 60° 
| = 20 ст = 20x 107 т 
В = 10 ст = 10 х 10° т 
і= 5А, B-02T 
(a) There is no force on the sides AB and CD. But the force on the sides 
AD and BC are opposite. So they cancel each other. 
(b) Torque on the loop 
t=niAxB = niAB Sin 90° 
= 1х5 х 20 х 10° х 10x 10° 0.2 2 2 x 10? = 0.02 N-M 
Parallel to the shorter side. 





n = 500, r=0.02 m, 0 = 30? 

{= 1A, B-4x10'T 

i = u x B = ų B Sin 30° = ni AB Sin 30° 

= 500 x 1х 3.14 x 4 x 10^ x 4 x 10! x (1/2) = 12.56 x 10? = 0.1256 = 0.13 М-М 
(a) radius = r 


Circumference = L = 2лг 


A 
II 
D! 
x 
00) 
II 


Edge = |, Current = i Тигпѕ= n, mass = M 

Magnetic filed = B 

t = uB Sin 90° = uB 

Min Torque produced must be able to balance the torque produced due to weight т 
Now, «B = t Weight 


iB =19[5] =nxix B= нё эв- #9 


8. 14 _ qo 
ши t (2x/o) 2л 








долг2 _ qor? 


2л 2 


2 2 
qor 2 u qor q q 
с = ——,L=IlIo=mr : = = me. 
н 2 i ^ L^ 2mo 2m me | | 





(bDusniasiA[- п= 1] = 
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60. dp on the small length dx is -> 2лх dx. 
nr 


61. 


dis q2n x dx = q2nxdx o _ qo 









































хах 
nt nr?q2n nr? 
dp =n di A = di A = 90 „2 
mm 
H r AZ 4 2 
= “(49 3, _ qQo|X |  qor^ _ gor 
= | du = |- x“ dx = = = 
4 E ЇЕ ЭН г2х4 4 
[= То = (1/2) m? o |“. M.I. for disc is (1/2) mr?] 
в. дог? Eod 291 
| 82 ro | 2m 2m 
2 
Considering a strip of width dx at a distance x from centre, 
dq = ---4--4лх20х 
F 
3 
qa 996 g4m^dx _ Зах?ахо 
3 
dt Gas R°2n 
3 
2 6q0 4 
dp =dix A= 3900 x ages Lg X. dx 
К° 2л 
р R 5 5 
640 д бдо| х? | п 6qoR 6 2 
= |р = x dx = = E R 
isa R35 Ro 5 5) 
..... 
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CHAPTER - 35 
MAGNETIC FIELD DUE TO CURRENT 


e ЕЕ М _ М 
Е = qvxB ог, В = = = 
qu По A.sec./sec. A-m 


B= Hol OF, = 2nrB z mxN E N 
2nr I A-mxA A? 
i-10A, 4-1т 
; -1 
2080 _ 10 АО “хөх 0тє201 | 
2nr 2пх1 Х ахіѕ 
Along *ve Y direction. 1m 
4 51.6 mm 
So, r = 0.8 mm = 0.0008 m 
i=20A 
Е ; -7 
В = Mol _ 4лх10 шал -5x10?T25mT r 
2тг 2xnx8x10^ 
|= 100А, d=8m 
100 А 


В = но] 
2nr 4 
7 т 
- 4т:х 1077 x100 225 pT 


2xnx8 
цо = 4л x 107 T-m/A 
r=2cm=0.02m, Is A, B=1x10°T 








Z axis 








Pe 
We know: Magnetic field due to a long straight wire carrying current = - | 


TW 
ВаР- 
2лх0.02 2 
netB22x1x 10” T = 20 uT о, 
B at О = 1х 10? T downwards 
Hence net B =0 


E 1 
шах аах 10? T upward Ор» 

Ci 

| 


(a) The maximum magnetic field is B E which are along the left keeping the sense along the 
nr 
direction of traveling current. 


(b)The minimum B — Lol 


2nr Hol 


2nr i 


нг= S в пеі= 0 
218 





г< Hol B пеі= 0 
2nB 


r> Hol B net = p. tol 
218 2 




















Tr 
цо = 4л x 1077 T-m/A, 1530 А, В = 4.0 x 107 T Parallel to current. Р 
Ё B = 40 x 10*T 
B due to wore at a pt. 2 cm 

-7 
_ Hol _ 47х10 x30 -3x10^T 
2тг 2n x0.02 

net field - 48-10: +(4x10-4) = 5х 10*Т 30 A 
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10. 


11. 


i- 10А. (К) 
B = 2x 10? T South to North (J) 


To cancel the magnetic field the point should be choosen so that the net magnetic field is along -J 
direction. 


-. The point is along - | direction or along west of the wire. 





В = Hol 
2nr 
UIS 4nx107' x10 
2nxr 
-7 
>r= a =10°m=1mm. 
x 


Let the tow wires be positioned at O & P 


R = ОА, = (0.02)? + (0.02)? = ¥8x10~ = 2.828 x 10-2 т 














Р -7 

(а) B dueto Q, ata, = 25540510 24,105 T (тг towards up the line) А 
2л x 0.02 
Е -7 
В due to P, atA; = 2710 *10 _ 9 35 x 10 T (1r towards down the line) + 
2n1x0.06 о 2ст 

net B 21x 10% — 0.33 x 10^ = 0.67 x 10^T : Y 

_ -7 1 A2 A3 
(b) B due to O at A; = “ече =2x10“T 1r down the line 

p -7 

B due to P at A = Lu = 0.67 x 10^ T 1r down the line 

net В atA; 22x 10^ + 0.67 х 10% = 2.67 x 10^ T 
(c) В at A; due toO = 1x 10“ T 1r towards down the line 

B at Аз due to P = 1 x 10“ Т Lr towards down the line 

Net В atA;22x 10^ T 

-7 
(d) B at A, due to O = А = 0.7 x 10“T towards SE 
2.828 x 107 

В at A,due to P 20.7 x 10^ T towards SW 

Net B - Үс. «10-4 (0.7104 = 0.989 x10% = 1 х 10^ т 
Cos 0 = 4, 0 = 60° & ZAOB = 60° 

-1 О 
- uol - 10 x2x10 -10^T 2 " 





2nr 2x107? 
So net is [(10 ^? (10 ^? + 2(10°) Cos 60°"? 
2407[141425*12]7 240^ «43 T21732 10^ T AB B 





M B 2cm 
(а) B forX = B for Y 
Both are oppositely directed hence net B-0 
(b) B due to = B due to X both directed along Z—axis CA, 1) * e (1, 1) 
-7 
Net B= 2510 х2х5 L5 4p T 2 2 рт 
(c) B due to X - B due to Y both directed opposite to each other. C4, -1) e e (1, -1) 


Hence Net В = 0 
(d) B due to = B due to Y = 1 x 10? T both directed along (-) ve Z-axis 
Hence Net B = 2 х 1.0x 10° =2 uT 
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12. (a) For each of the wire 
Magnitude of magnetic field 
= Hol (e. ; = Hox5 2 
= —-—(Sin45? + Sin45?) = — 
Anr | ) 4пх (5/2) /2 
For AB © for BC © For CD ® and for DA 9. 
The two © and 20 fields cancel each other. Thus Bret = 0 
(b) At point О, 





uoi _ 4nx5x2x107 














due to (1) B = : z =4х 10° 0 
2nx2.5x10^ 2nx5x10^ 
: -7 
due to (2) B = Ho! 5 = са = (4/3) x 10° © 
2л х(15/2)х107 21х15х10- 
5 -7 
due to (3) B = Hol = = Е. = (4/3) x 107 © 
2nx(545/2)x107 2nx15x107 
: -7 
due to (4) B = шан TORUM -4x10?0 
2nx2.5x10^ 2nx5x10^ 
Bnet = [4 + 4 + (4/3) + (4/3)] x 10° = 2, 10? = 10.6 x 10° = 1.1 х 10^ T 
At point О, 
due to (1) Hol 


2n x (2.5) x 10-7 





due to (2) Hol = © 
2n x (15/2) x 107 


due to (3) ш- =>. 
2n х(2.5)х10" 








due to (4) Но! 29 
21х(15/2)х10- 
Bnet =0 
At point Оз 
т, 
dite В 5 = 4/3 x 10° ® 
21х(15/2)х10- 
27 
due to (2) талла. =4х 10° ® 
2nx(5/2)x10^ 
-7 
due to (3) ONE Us =4х10 5 ® 
21х(5/2)х10- 
27 
dueto(d)-— 5510 ов & 





2nx(15/2)x10? 
Bnet = [4 + 4 + (4/3) + (4/3)] х 10° = 2, 10? = 10.6 x 10° = 1.1 х 10^ T 
Рог Q, 
due to (1) 4/3 x 10? 
due to (2) 4 x 10? 
due to (3) 4/3 x 10? 
due to (4) 4 x 10? 
Bnet =0 


ооо 
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13. Since all the points lie along a circle with radius - 'd' 
Hence 'R' & 'Q' both at a distance 'd' from the wire. 


So, magnetic field B due to are same in magnitude. 
As the wires can be treated as semi infinite straight current carrying 





conductors. Hence magnetic field В = EROR 
4nd 
At P 
В. due to 1150 


В, due to 2 is L9. 
4rd 


AtQ 
В, due to 1 is LX. 
4rd 


B» due to 2 is 0 
AtR 
В. due to 1150 


В, due to 2 is ZL 
4rd 
AtS 


В, due to 1 is L9. 
4rd 


B» due їо 2 іѕ 0 
14. B= ZL 
4nd 


_ Tol 2xx = [ix р 
4nd 2 2 
Dude gr And |9? +% 
4 4 


(а) When d >> x 


2 Sin 0 








Neglecting x w.r.t. d 
В- цох EM мох 
und d? und? 
1 
.B« 2 


(b) When x >> d, neglecting d w.r.t. x 
Bz HolX = 20! 
4ndx/2 4nd 
В о 1 
d 
15. I2 10A, a=10cm=0.1m 


J3 


r= ОР = —x0.1m 
2 





B = Hol (sin, + Sind.) 
4nr 


7 -5 
= 10 01225401 аяа РТ БА uT 


1.732 
8 өл 
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16. B= Pes. в, = КО (2х ging) = Ho. 0256-0200 Holl 
2nd 4nd 4nd 2 (2 
24192 + 4ла. |9? +— 
4 4 
<< | ——> 

















B; -B> = 1 в, > Ho Holl 2000 
100 2nd /2 200ла 
And,|d? + — 
4 
22 Uoll - EIE 1 | 
|? md\2 200 
And.|d? + — 
4 
/ 99 (2 99x4Y 156816 
> = > "am = = 3.92 
72 200 uU 200 40000 
4d +— dore 
4 4 
= =3.92 d? + 3:92 (2 
4 
2 
13.92 р -3 99g? 20028-23924? = © = 002 - d = pe = 0.07 
4 (2 392 Г 3.92 


17. Asresistances vary as г & 2r 
Hence Current along ABC = 3 & along ADC = = 
i 


Now, 





B due to ADC - 1 


шээг > 2/2] 


4n3a Зла 








B due to ABC = 2 
4лЗа бла 


Dd _ 24/2.) 














Now B = 2J2ud _ 242uji E Уно! ® 
Зла бла Зла 
2 2 2 
18. А = а | аты s Е aJ5 
ү16 4 16 4 





Do = 








3aY | З ГЭНЭ 
W4) 12 16 4 16 4 


Magnetic field due to AB 





= Ho i | 348i 

Bas = — х —— — (Sin (90 - i) + Sin (90 – 

ABT ат х 2514) in ( i) in ( a)) 

5 Ho X 2i osa _ Ho х2 2, (a/2) 2 2Hol 
4ra 4ra a(45/4) туб 


Magnetic field due to DC 





Ио i | o 
Boo = #0 2Sin (90° - B 
Peu aBa кыш, 
- lobes e cub 2010 5 (a/2) _ 2uj 
4nx3a пхЗа (413a/4)  ma3413 


The magnetic field due to AD & BC are equal and appropriate hence cancle each other. 


Hence, net magnetic field is оГ ВВ = ан. 1 1 | 
45 34143 


ny5 1a3443 ^ 78 
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B D 


19. B duetBC & 
B due to AD at Pt ‘P’ are equal ore Opposite 


Hence net B -0 
Similarly, due to AB & CD at P = 0 


-. The net Bat the Centre of the square loop = zero. 


20. For AB Bisalong® B= i (Sin60° + Sin60°) 
Tr 








ForAC B ® B- ni (Sin60° + 511609) 
ForBD B © в = t0! (9іп60°) 
4nr 
ForDC B & B = 40! (Sin60°) 
4nr 
- NetB = 0 


21. (a) AABC is Equilateral 
АВ = BC = CA = УЗ 
Current = i 


Уз 5 E Узхё _ ё 


27 2x3 243. 
фі = b2 = 60° 
So, МО = — asAM:MO=2:1 


643 


B due to BC at «. 
Ho! (Sing, + Sings) = Ed xix 63 х 3 = = 


АО = 








uc 





3 E 
2 i 
27.0 





net B = Эро, 
2 


i 





(b) B due to AD - poe 2 = 
TX 


B- 82.0 82.0 
me 


Net B х4- 
4n 








22. Sin (o/2) = - 
X 


>r = x Sin (0/2) 
Magnetic field B due to AR C 


Hol [Sin80 - (90 — («./ 2))) +1] 
4nr 


_ HollSin(90 - (o./2)) +1 
4n x Sin(a./ 2) Aa с 
1 











_ Ugi(Cos(a/ 2) +1) 
4nx Sin(a./ 2) 
: 4 ? 
80120203 (a/ 4) _ Hol Cot(a./ 4) 
4nx2Sin(a/4)Cos(a/4) 4лх B 


The magnetic field due to both the wire. 


2H сока 14) = Ix _Соцо/4) 
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23. 


24. 


25. 


26. 


2T. 





























BAB 
Ш 
nb лр 
20101066  .g TOES (612) ЕЕ. 
= ——0-___ = BDC 2 Sin (Ê +b) = = 
mby 0? +b? 4214-0214: үи +b? 
BBC 
о 203 
Hol x2x28Sin0' = ноіЅіпе’ s іп ө’ = (6/2) " b 
Ane тё 4214-5214 422 +62 
EN Но _ в 
=— 2 = BAD 
ney 02 +b? 
Net = 20020502 2 _ 200/2 +62) _ 2р0у/2 +b? 
nby? +52 ол eb? — abr? +b? nib 
20-25 эө= 7, гаж 
n n n 
( 


Tan 0 = 28.28 X= 
2x 2Тапд 





| : | 1—4 
Bas = 0. (Sino + Sing) = 027819 25110 = 
4т(х) Anf 
_ Hol2Tan(x/n)2Sin(x/n)n _ цоіпТап(х/п)5іп(х/п) 
4n2nr 2д?г 
For n sides, Bnet = шиг эш 
Цан! 


Net current in circuit = 0 “р 

Hence the magnetic field at point P = 0 

[Owing to wheat stone bridge principle] 

Force acting on 10 cm of wire is 2 x10? М 

dF Бод 

di 2nd 
2x10? _ ug x20x20 
10x102? 2лд 

_ Anx 1077 x 20x20x10x 10? 

2nx 2x10? 














—d = 400 x 10? = 0.4 т = 40 cm 





i=10A 
Magnetic force due to two parallel Current Carrying wires. 
== Мо 
2nr 
So, Е or = Fby 2 + Е by3 
но x 10x10 Ho x 10x10 | 
E z7 і -2 5 ст 
2nx5x10 21x10 x10 | 
_ Anx 107 x10x10 | 42x10" х10х10 
2nx5x107? 2л х10х1072 
_ 2Х107: 10° _ 3х10% 
5 5 5 





© 








© 








-6x10^N towards middle wire 
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28. 


29. 


30. 


31. 


32. 





#0101 _ —pgi40 
2nx 2n(10 - x) 
10 40 1 4 


> = 
x 10-x x 10-х 
= 10-х= 4х > 5х = 10 >x=2cm 
The third wire should be placed 2 cm from the 10 A wire and 8 cm from 40 A wire. 








Fas = Fcp + Fer 10 
2лх1х10:2 21х2х10-? ® C 10 dc 

= 2х 1073 + 10? = 3 x 10? downward. 

E 














Fcp = Fas + Fer Е 
As Fag & Fer are equal and oppositely directed hence F = 0 
p - mg (For a portion of wire of length 1m) 
TU 
F 
zs HORS REC c x 10^ x 9.8 
2nx5x10^ 
557, ‚ 
4nx10 кэ =9.8 x 10” mg 
2пх5х10- — 
=> 2 x i x 10° = 9.3 x 10° x 10 
= = 3807 -049А 
L = 6A 
1 =10А 
Fpo S R 
ip on dx = Но» duce Moda dX _ Ho x30 dx \ 
2nx 2n х л х | 
- 12 © 
pou ЖЗ | 2х -30x 4x 107 х [logd A й 
х х 
10 
= 120 х 107 [log 3 – log 1] dx 
Similarly force of F4 = 120 x 107 [log 3 — log 1] 4 a 
1 ст x> 


So, Feo = Fas 

Ба _ _ Нох} Ho x hia 
2nx1x10? 2nx2x10°? 

_ 2x6x10x107 2x10" x6x6 

1 10-2 2х10-2 

Fro = Ho X iz Ho X hia 
2пх3х102 2лх2х1072 

_ 4nx107x6x10 4nx107 x6x6 

7 2дхЗх10:2 2хх2х10-? 

Net force towards down 

= (8.4 + 7.6) х 10^ = 16 x 10^N 








= 8.4 x 10^ М (Towards right) 





= 4х 10% + 36 х 105 = 7.6 х 10^N 








В= 0.2 mT, i=5A, n=1, r=? 
2r 
: “7 
„r= Ong. „ КАТТО x5 зах х тэл 1079 т = 15.7 x 10” ст = 1.57 ст 


2В 2х0.2х10-3 
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33. 


34. 


35. 


36. 


37. 


38. 


2r 
n-100, г= 5ст = 0.05 т 
В =6х 10° Т 


218 _ 2x0.05x6x10^? __3 
пио 100 х4л х1077 6.28 
3 х 10° revolutions in 1 sec. 


x 10! = 0.0477 = 48 mA 








| : 1 
1 revolutions in sec 
3x 


‚_ а _ 16x107? 


C Gu 
3x10? 


p= Ho _ 4mx10746x10 93x10? 2лх1.6х3 
2r 2х0.5х10-10 0.5 
| = 1/2 in each semicircle 


A 


х10-11= 6.028 x 10 =6 x 10 T 





АВС-8- 1 boll) downwards 
a 





2 
ADCE B = 25 во(/2) upwards 


(a) B= Nihol | ПО 
2n 2r, 
_ 50x4nx107 x2 100х4лх1077х2 
2х5х10-2 2х10х1072 
=4пх 10^ + 4r x 10” = 8л x 10* 





(b) В- NyHol 2 N2Hol =0 














2n 2r, 
Outer Circle 
n-100, г= 100т = 0.1 т 
і= 2А 
_ : -7 
pug. Uere E horizontally towards West. 
2a 2x0.1 
Inner Circle 
г= 5 ст = 0.05 т, п = 50, і = 2А 
_ ; -7 
ры c dU s downwards 
2r 2x0.05 
Net B = (кало + @лх10-4} = 3212 x10? = 17.7 х 10% = 18 x 104 = 1.8 х 10?- 1.8 mT 
г = 20 ст, | = 10 А, М=2х 10? mis, Ө = 30° 


Е = e(V xB) = eVB Sin 0 
= 1.6 х 10 ? x 2 x 109 x A Sin 30? 
r 


= 1.6х10-19 x 2x109 х 4n x 1077 x10 


ао = 16л х 10" № 
х P € x 
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40. 


41. 


42. B 


43. 


44. 


45. 


5 _ Hol 
B Large loop = —— 
g p OR 


Ч” due to larger loop on the smaller loop 
= (А х В) = i AB Sin 90° = ix nr? x BO 
К 
The force acting on the smaller loop 
F = ilB Sin 0 
. ро _ ройлг 
2Rx2 2R 
i = 5 Ampere, r=10cm=0.1m 
As the semicircular wire forms half of a circular wire, 


- poi _ 1 4nx107 x5 
от axi сш 
2157x10$T«16x10$T-21.6x 10^ T 
21020 _ 2m „Во 

28 2л  3x2x 2R 
_ Anx10 x6 


6 x 1010 * 
-4x3.14 x 10? = 12.56 x 108 = 1.26 x 10^ T 











= 4л x 1076 


B due to loop Hol 
2r 


Let the straight current carrying wire be kept at a distance R from centre. Given I = 4i 
Hol _ uo x4i 

2nR | 218 

Now, the B due to both will balance each other 

Ho adhi case e 4 

2r 2nR n 

Hence the straight wire should be kept at a distance 4л/г from centre in such a way that the direction of current 


in it is opposite to that in the nearest part of circular wire. As a result the direction will B will be oppose. 


B due to wire = 





сус» 70 © 


Hence 











n=200, i=2A, г-10ст-10х 107 
: 27 
(a) B= Про! _ 200 x 47х10 ээ =2x4nx 10^ 
2r 2x10x10- 
22x4x3.4 x 10^ = 25.12 x 10^ Т = 2.512 mT 
-D ; ‚2 
А. пцоа ПКО 23 nigla 
b) B = —————— => = 
( ) 2(a^ 4. d^ 9/2 4a 2(a? + d^y'* 
= 1 = а? = (а? «адуу? 23? — а? + д? = (225! 
2a 2(a? gg 
—а?+4?= (27^ ay — а? + d? 97842 = (107 4 d? = 22% (1 07} 


3102 + d? = 223 192 = (10°22 —1)=4? > (1072) (4 – 1) = а 
= 10-2(1.5874 es d? — d? = 107 x 0.5874 


=> d = 410 х0.5874 = 10 х 0.766 т = 7.66 x 10? = 7.66 cm. 


At O P the B must be directed downwards lo | 
We Know B at the axial line at O & P | 

a Зст = 0.03 т 
2 Но 
mec HOT eS а= 4 ст = 0.04 т 

2(а? +d2)3/2 эр | 

7 

= 4лх10 100и d=3cm= 0.03m 
2((0.0025) 3 cm 

= 40 х 10°=4x10°T downwards in both the cases | 
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46. 


4T. 


48. 


49. 


50. 


а= 3.14 x 10°C, г= 20ст= 0.2 т, 


=. 3.14 x 108 x 60 





w 7 60 rad/sec., 


= 1.5 х 10? 





t 2пх0.2 
xQ 
Electric field _ Anz (x2 заг Е xQ у 2х2 «a? p^ 
Magnetic field цаа? 4n£g (2 кадр” ноа? 
28° + p^ 


_ 9x10? x0.05 x 3.14 x10 8 x2 

© 4лх1077 x15x10-? x (0.2? 
9х5х2х10 3 

7 Ax13x4x10 7 8 

(a) For inside the tube B 

Ав, B inside the conducting tube = o 


(b) For B outside the tube 








Ш 
о 





а = 3r 
2 

B- Mol _ Molx2 _ Hol 
2nd 2n3r 2nr 


(a) At a point just inside the tube the current enclosed in the closed surface = 0. 


Thus В = №09 =0 
А 


(b) Taking a cylindrical surface just out side the tube, 





j= _ Hoi 
i= B x 2лЬ >B= 9 
ži 2nb 
i is uniformly distributed throughout. 
; 22 
So, ‘i for the part of radius а = - хла2= "5 =] 
mb b 


Now according to Ampere's circuital law 
фВх 4 = Вх2 хлха=ш1 
а? 1 _ ноа 
b? 2ra 215? 
(а) г = 10 cm = 10 х 107m 
x22x107?m, i=5A 
i in the region of radius 2 cm 
5 

1(10 x10? 
Вхл(2х 1072)? = us(0-2) 

ЧЕ Anx107x0.2 _ 0.2x107 


=> B= но 





хл(2х10-2)? =0.2 А 








=2 x10“ 
nx4x10~4 1074 
(b) 10 cm radius 
Bx (10 x 107°) = ug x 5 
-7 
= 4nx10° x5 = 20 x 1055 
пх10-2 
(с)х = 20 ст 
Bx хх (20 x 102)? = шх5 
=% 
spe Howie = 4nx10 = =5 х 10-5 
пх(20х1072)2  xx400x10* 


from ampere's law. 
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51. 


52. 


53. 


54. 


55. 


56. 


We know, [в x dl = ші. Theoritically B = 0 a t A 


If, a current is passed through the loop PQRS, then 
=_ КФ!  willexist in its vicinity. B 
2(4 +b) 


Now, As the B at A is zero. So there'll be no interaction 
However practically this is not true. As a current carrying loop, irrespective of its near about position is 








always affected by an existing magnetic field. P 
(a) At point P, i= 0, Thus В = 0 


(b) At point К, i20, В = 0 
(c) At point 0, 
Applying ampere's rule to the above rectangle 


| 
Вх 21 = К, [а 
о 


= B X21 = pki > B= EO 





| 
B x 21 = цК, [а 
о 





k 
= В х21= ukl = В = IT T 
Since the B due to the 2 stripes are along the same 
direction, thus. BC 
_ Mok Hok _ 
Bnet = —— +—— = рК L21 c © Q 
t 2 2 Но C B 
Charge 7 q, mass -m 
We know radius described by a charged particle in a magnetic field B 
2 IUD 
qB 


Bit B = шК [according to Ampere's circuital law, where К is a constant] 
rquok 
то ET QHo 





r= 








р quok 
i = 25 А, В = 3.14 x 10? T, n=? 
B = poni 
= 3.14 х 102 = 4хпх 107 пх 5 
ш: ОА A "n 
= —x10^ = 0.5 х 10 = 5000 turns/m 
20 х 107 2 
г= 0.5 тт, і= 5А, В = uoni (for a solenoid) 
Width of each turn = 1 тт = 10? т 
No. of turns ‘п’ = = = 103 
107 
So, В -4n x 107 x 10° x = 2n x 10° T 
E = 0.01 О in 1 m, r= 1.0 cm Total turns = 400, { = 20 ст, 
В=1х 107? T, - -€— turns/m 
20 x107 
eae E Б Е 
Ко Б,/їх(2лгх400) 0.01x2x2x0.01x 400 
В = poni 
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400 E 
20x107? 400х2тх0.01х1072 
_ 10-2 x 20x10? х 400 x 21 x 10720.01 
1 4x x 1077 x 400 


> 10? = 4л x 107 x 





>E =1V 





2: 
a*indx 
Ho x 


“БТ 


. Current at 0” due to the circular loop = dB = 





B 
г. for the whole solenoid B = [в 





o~ uga?nidx 
B [ 3/2 


en 21 ni dx bs 


























uoni [| а? ах uoni [| dx 2x Y 12 
= = 25114511 
4n Jo 2 3/2 Ana Jo ne 5/2 2а 
afe 2-2 1-19--- 
2а 2а 

. i22a,f210?revsec, п= ?, Me = 9.1 x 1077 kg, 

de = 1.6 x 10? c, Beant Sire 

Hol 
8 -31 
208 B= Ї2лть _ 2 B: z f2nm, E 10 = = 1421 turns/m 
211, Че Ho Чен! 16х10:9х2х10:7х2А 

. No. of turns per unit length = n, radius of circle = r/2, current in the solenoid = i, CHI 

Charge of Particle = q, mass of particle = m -. В = uoni 

2 : : 
Again mV^ _ qVB => V= аВг _ quonir _ ponigr 
2m 2m 

. No. of turns per unit length = £? 

(а) As the net magnetic field = zero 

3 B plate = Bsalenoia 

B piate X20 = pokdt = рокі 

- H k мэд EIN . 

Врае = os -41) Вѕоепоа = Honi ...(2) Вс Ва 

Equating both i = ex <> 

(b) Ba x = pke = Ba = цк BC = шк © 

B= 4B, +B, = J2(ukP. = Ук F 

2 Lok = uoni i = 2k 

n 

. C= 100 uf, QsCVe2*10^C, t= 2 вес, 

V=20V, V'-18V, О' = С\ = 1.8 x 10° С, 

L -4 
s На - M = 10“ А n = 4000 turns/m. 


-. В = poni = 47 x 107 x 4000 x 10^ = 16 n x 10” T 


oo he ce 
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CHAPTER - 36 
PERMANENT MAGNETS 


m - 10 A-m, d=5cm=0.05m 


_ нот _ 107x10 _ 10? уяан N S 
4r г? [510-2] 25 
m4 =m; = 10 A-m 
г= 2ст = 0.02 т 
we know 





ENT. 
Force exerted by tow magnetic poles on each other = "9 шин EIS E = 
4n r 4nx4x107 


=25x10°N 





в=- 5 > dv = -В dł = – 0.2 х 10° х 0.5 = – 0.1 x 10? T-m 


Since the sigh is —ve therefore potential decreases. 


Here dx = 10 sin 30? cm = 5 cm 
dV _в- 01x10% T-m 
dx 5x107? m 


Since B is perpendicular to equipotential surface. 

Here it is at angle 120° with (+ve) x-axis and В = 2 х 10^ T 
B-2x10^T 

d = 10 ст = 0.1 т 

(a) if the point at end-on postion. 





B= Ho 2M 2x 194 = 107 x 2M > 
4n d? (1071? dude X Incm 
-4 -3 
a =M>M=1 Am? 
107 x2 
(b) If the point is at broad-on position 
-7 
Бо M. хөх дэг ЛО Маан 
4n d? (1071? 
Given : 


0-tan! /2 >tano= V2 >2=tan’0 


= tan 0 = 2 000 = 1877 = cot 9 P 


We know m = {ап а 





Comparing we get, tan a = cot 0 S N 
or, tan a = tan(90 — Ө) ora = 90-0 or8+a=90 

Hence magnetic field due to the dipole is Lr to the magnetic axis. 

Magnetic field at the broad side on position : 











patin M 21 = 8 ст 4-3ст 
4л (a2 + 2) 
7 -2 -9 
—4x405- 10" xmx8x10 = 4x 10% = 10 alli 
(9x10 +16107} hoP? + (og? 
-6 -8 
me 4x10? x125x10 = 62.5 x 105 Ат 


8x10"? 
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10. 


11. 


12. 


13. 


14. 


We know for a magnetic dipole with its north pointing the north, the neutral point in the broadside on 
position. 





N 
Again B in this case = вом. 
4nd 
. ром E Вн due to earth 
4nd 5 
4 
107x144 _ вит 
БЕ Бис 
7 
> шш = 18 x 10 т 
а 
>d = 8х 10° 


= 4=2 х 10 т= 20 ст 

In the plane bisecting the dipole. 

When the magnet is such that its North faces the geographic south of earth. The neutral point lies along 
the axial line of the magnet. 








7 7 
пе 2М вало T0 x2x072 ауе s qb. КОТО 
4n d d? 18x10 
8 40-9 1/3 
>d=| 2 =2 x 10 т = 20 ст s ——— : А 
10-6 Bu By 


Magnetic moment = 0.72 42 A-m? = М 











= Ho M - 
Ве 18.2 By = 18 uT 
4n P H u 

-7 

_, 4nx10 00242 РРС 
4nxd 

-1 
ша» 072514145107 005658 
18x107 


= d = 0.2 m = 20 ст 
The geomagnetic pole is at the end on position of the earth. 


pz № 2M _ 107 x2x8x107 
4n d? (6400 x 10? ? 
В -34x410?T 


= 60 х 10° T= 60 uT [] e. 





Given Ро. М =34х10° 
4r R? 


_ 3.4 х10-5 xR? х4т 
4nx1077 


B at Poles = Ho 2M 
4л R? 


= М = 3.4 x 10? В? 





= =6.8 х 105 Т 


8(dip) = 60° 

Вн = В cos 60° 

=> В = 52 х 108= 52 uT 

05 43 
2 


By = B sin ô=52 x1 = 44.98 uT = 45 uT 


If 5, and б, be the apparent dips shown by the dip circle in the 21г positions, the true dip 6 is given by 
Cot? 8 = Cot’ 5, + Cot? 8; 

= Cot’ 8 = Cot? 45° + Соё 53° 

= Соё 8 = 1.56 = 8 = 38.6 = 39° 
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15. 


16. 


17. 


18. 


19. 


20. 


ноп 
2 
0 = 45° 
tan 0 = 1 
г= 10 ст = 0.1 т 





n= Butanox2r _ 3.6x10? x2x1x107' 


= 0.5732 x 10? = 573 turns 


Loi 4nx1077 x107? 


We know Вн = 
Give : В. = 3.6 х 10^ T 
| = 10 mA = 102 А 
n=? 

п = 50 


і= 20 х 103 А 


t = nA xB) = ПАВ Sin 90° = 50 x 20 х 10° x 4 х 10x 0.52 2 x 10^ М-М 


Given 0 = 37? 
We know 


M 


_ 4n (d? - ^y 





Bu 


Ho 20 
4r (0.1) 





= x 
4nx1077 2 


H 


0 = 37°, d=? 


M 


ML sm 
Bu Но 


dic 3.75x10? x107 


>d 


4n 


А= 2 стх 2 ст=2х2х 10“ т? 
В=0.5Т 


а= 10 ст = 0.1 т 


4n d* ; 
{ап0 = — x Эдэ? 0 [As the magnet is short] 


Ho 


= (found іп the previous problem) = 3.75 x10? А-т? T 


= — (d? + ¢7)°/? tang 


Ho 


0.75 
= 0.079 m = 7.9 cm 


Given = = 40 A-m?/T 


H 


d?Tan0 = 3.75 x 10? = m 


neglecting ? w.r.t.d 


L x д? x 0.75 


-5x10^ 


Since the magnet is short ' can be neglected 


So, — 


>d 


3 
М 4n а =40 
Вн uo 2 


4n 
=2х 102 т= 2 ст 


к з 40х4лх1077х2 


=8х 10% 


with the northpole pointing towards south. 
According to oscillation magnetometer, 


T= 2л 


I 
MB, 





LI 


1 


= 


| 12х107 
0 Мх30х10 





1 Ї 2 12x10 
20 Mx30x10^ 


m = 125107 x400 


301079 


6 


= 16 x 10? A-m? = 1600 A-m? 


xtan37? 20.5x 0.75 x 1x 10? x 10 = 0.375 x 10* = 3.75 x10? А-т? T” 


zmo 
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21. 


22. 


23. 


24. 









































We know: v = св. ВЫ 
2n I 
For like poles tied together 
Mz M, zz M2 
For unlike poles M' = M, + M; N «—8S N 4— 5 
2 
U4 E M, - M, - (3) = M, - M, —25- M, - M, 
26 _ 2M; M, _ 13 
> = > = 
24 2M, М, 12 
By = 24x 10°T T4504! 
: 7 
В = By —Byre = 2.4 х 105 Ho! 224 x 106 210 x18 “(рд 10) x 195 = 14 x 10 
2nr 0.2 
Jig, В: 
" (нв: T? Вн 
-6 2 
0.1 _ [14х10 - 0.1) _ 14 ть 0.01х 14 — T, = 0.076 
T? 24x107 Т, 24 24 
T= 2л І Неге Т = 2I 
MB, 
Т; = ak min Т,-2 
1 40 2=: 
UE 
Т, I 
n e i Soe Vee te —1_ — т,=0.03536 min 
40T, 2 16007,2 2 800 
For 1 oscillation Time taken = 0.03536 min. 
For 40 Oscillation Time = 4 x 0.03536 = 1.414 = J2 min 
y4 = 40 oscillations/minute 
Вн = 25 pT 
m of second magnet = 1.6 A-m* 
а= 20 ст = 0.2 т 
(а) For north facing north 
1 i 1 МВ. В 
ms 2n ЇГ 2n I 
pg. 107x16 _ 
B= = = 20 uT 
4nd? 8x10? Ё 
Үдэ, Вс BO 2129 „ы ИШ Savas быш 
Үг Вн -B Y2 5 45 
(b) For north pole facing south 
=> MEy 2 5 MIB, - B 
т = mi асс 
1 
Ян -J2 = 53.66 = 54 osci/min 
| 3) 


o M che 
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CHAPTER - 37 
MAGNETIC PROPERTIES OF MATTER 


В = poni, Heu 


—Hzni 

> 1500 A/m = пх 2 

= п = 750 turns/meter 

=> п = 7.5 turns/cm 

(а) H = 1500 A/m 
As the solenoid and the rod are long and we are interested in the magnetic intensity at the centre, 
the end effects may be neglected. There is no effect of the rod on the magnetic intensity at the 
centre. 

(b) I= 0.12 A/m 
We know I = XH X = Susceptibility 


(c) The material is paramagnetic 
В; = 2.5 x 103, В» = 2.5 
А=4х 10 m’, п = 50 turns/cm = 5000 turns/m 
(а) В = uoni, 
= 2.5 х 103 = 4л x 107 x 5000 x i 


-3 
zinc 49x10... 20.398 A =0.4A 


4n x 107" x 5000 
B2 gu? (B, -B4) = 23 2.497 = 1.99 x 109 = 2 x 10° 


b [= = 
(0) Uo 4лх 1077 4лх 1077 





тета m 
V АГ А 
=т= 1А = 2 х 10? x 4 x 10% = 800 A-m 
(a) Given d = 15cm = 0.15 m 
{ = 1ст = 0.01 т 
A = 1.0 cm? = 1 x 10% m? 
B=1.5 x 10*Т 
M=? 
2Md 
(92 — 22/2 
10-7 x2xMx0.15 _ 3x10°M 
(0.0225 —0.0001?  5.01х10:5 


_ 1.5104 x5.01x10* 


We Know B = Но, 
4n 





—15x10*- 





= М = 225A 
3x107 
(0) Magnetisation I= — = = c = 2.5 x 10° Alm 
V 1075x107 
Е a M X 2.5 





© And? 49?  4x3.14x0.01x (0.15)? 
net H = Hy + Н. = 2 x 884.6 = 8.846 x 10? 
B = uo (H + I) = 4n x 107 (2.5х10° — 2 х 884.6) = 3,14 T 
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Permiability (u) = uo(1 + x) 
Given susceptibility - 5500 

и=4х 107 (1 + 5500) 

24 x 3.14 x 107” x 5501 6909.56 x 107 = 6.9 х 10? 





B - 1.6 T, Н = 1000 A/m 
u = Permeability of material 
„= B eO -16x10° 

H 1000 

3 

ш= Ё = = 0.127 x 10* = 1.3 x 10? 

Mo 4лх107 
u= Lo (1 + x) 
= х= № _1 

Ho 

=ш—1 = 1.3 ХхЛ 1 = 1300 — 1 = 1299 = 1.3 x 10° 
va C 25, х, _ Т; 

T X2 Т, 


12x10? . Т 


18x10? 300 





> Т = 12 «300 = 200 К. 


[= 8.52 x 1028 atoms/m? 
For maximum 'T, Let us consider the no. of atoms present іп 1 m? of volume. 
Given: m per atom = 2 x 9.27 х 10 ^ Ат? 


I= rimsa x 9.27 x 1075 x 8.52 х 10% = 1.58 х 10° A/m 
B = uo (H + I) = uol [.. H = O in this case] 
= 4r x 107 x 1.58 х 10° = 1.98 x 10 4 2.0 T 
B = poni, = В. 
Ho 

Given n = 40 turn/cm = 4000 turns/m 
Н = пі 
Н = 4х 10° A/m 
cse H = 4x10" = 10A 

n 4000 

d 45 o o 5% 





37.2 


1. 


3. 


5. 


ELECTROMAGNETIC INDUCTION 
CHAPTER - 38 


(a) fed = МЕТ ЗГ! xL = МЕТ 3 


(b) 3BI LT! x MIT? xL = META? 
(с) d$, /dt = МГТ? xL? = МЕТ 
ф=аё+Ы + с 


[6] [$/t] Volt 
@а= |$ ЕЗ Ѕес 
b= [$| = vor 
t 


c = [$] = Weber 





(b) E = = [a = 0.2, b = 0.4, c = 0.6, t= 2s] 


= 2аі + р 
=2х0.2х2+0.4 = 12 volt 
(a) 6? = В.А. = 0.01 х 2x 10? = 2 х 10°. 


$170 
БЕ -5 

e= _ db -2x107^ = 2 mV 

dt 10x10? 
фз = B.A. 20.03 x 2x 10? = 6 x 10? 
dó = 4 x 10° 

2 298 =—4 mV 
dt 


4 = B.A. = 0.01 x 2x 10? = 2 x 10? 
dó = —4 x 10? 


е = 288 -4mV 
dt 


bs =В.А.=0 
dọ =-2 x 10? 


ge 29% -2mV 
dt 


0.03 
0.02 
0.01 


(ms) 
10 20 30 40 50 t 


(b) emf is not constant in case of > 10-20 ms and 20 — 30 ms as —4 mV and 4 mV. 


ф = BA = 0.5 x n(5 х 1072)? = 5л 25 x 10? = 125 x 10? 
$270 
= 6 129010 Lege 78 x 10%. 
t 5x107 

A=1mm’;i=10A,d=20cm;dt=0.1s 
24) BA mj. А 

dt dt 2nd dt 

7 4nx107 x10. 107 

2nx2x10 1х107 

(a) During removal, 
6, = ВА. = 1 х 50 x 0.5 х 0.5 – 25 x 0.5 = 12.5 Tesla-m? 
ф:-0,т-0.25 





е 








=1x10°°V. 


10A 
20cm 
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10. 


е = 


40 _ ф2-$ _ 12.5 125x10' | 


50\/ 
dt dt 0.25 25х10? 








(b) During its restoration 


$120; ф = 12.5 Tesla-m^ ; t = 0.25 s 





E- 125-0 _ 50 V. 
0.25 
(c) During the motion 
фа = 0, ф2 =0 
= dé -0 
dt 
250 


Rz 


(а)е = 50У, Т = 0.25 $ 


і= е/В = 2А, Н = і? RT 


= 4х 25 х 0.25 = 25 J 


(b)e = 50У, T=0.25s 


i=e/R=2A,H= ВТ = 25 Ј 


(c) Since energy is a scalar quantity 


A= 
B= 
Ө = 


а) 


b 


— 


с) 


В 


Net thermal energy developed = 25 J + 25 J = 50 J. 


5 ст? = 5 х 10 m? 

Bo sin ot = 0.2 sin(300 t) 
60* 

Max emf induced in the coil 
аф 4 


— (ВА соз Ө) 
dt dt 


d (B sinotx5x104 23 
dt 2 


B, х5 4074 4 (sinat) = В05 р ової: 
2 dt 2 


_ 0.2x5 





х300х10-^ xcos ot = 15x10? cos ot 


Emax = 15 х 10° = 0.015 V 

Induced emf at t = (1/900) s 

E = 15 x 10? x cos ot 

= 15 х 10? x cos (300 x 1/900) = 15 x 10? x % 
= 0.015/2 = 0.0075 = 7.5 x 10° V 

Induced emf at t = 7/600 s 

Е = 15 x 10? x cos (300 x 1/600) 
-15х107х0-04. 


= 0.10Т 


А = 1 ст? = 10 т? 
Т=1$ 


ф= 


В.А. = 10! x 10^ = 1075 
dp 10? 


210? = 10 uV 
dt 1 2 


Е = 20 mV = 20 х 10° V 
А = (2 х 10-2)? = 4 x 104 
01= 0.2 s, 0 = 180° 
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11. 


12. 


13. 


14. 


$4 = BA, фә = BA 
аф = 2BA 
_ dé 2BA 


dt dt 


2хВх2х10* 
2x10" 
=> 20 х 10° =4хВх 10° 
в 20х10° _ 
42x10? 
Area = A, Resistance = К, B = Magnetic field 
ф = ВА = Ва соѕ 0° = BA 
ees 4 ВА ар е ВА 
dt 1 R R 
фЕП = BA/R 
г= 2 ст = 2 х 102 т 
п = 100 turns / ст = 10000 turns/m 
i=5A 
В = uo ni 
= 4n x 10 х 10000 x 5 = 20x х 10? = 62.8 x 10° T 
По = 100 turns 
R-200 
г= 1 ст = 102 m 
Flux linking per turn of the second сой = Bar? = Br x 10^ 
фі = Total flux linking = Bnz лг? = 100 x x x 10^ x 20 х 10? 
When current is reversed. 
$2 = –фи 
do = b2 — 1 = 2 x 100 x x 10 x 20r x 10? 
dé 4x x10 
dt а 
Е 4л2х10* 
R dtx20 


> 20х103 = 





Е = 


Speed = u OB 
Magnetic field = B 9 a 
Side- a 
a) The perpendicular component i.e. a sinO is to be taken which is Lr to 
velocity. 
So, I = a sin Ө 30° = a/2. 
Net ‘а’ charge = 4 x a/2 = 2a 
So, induced emf = ВЭ! = 2auB 
b) Current = E - 2208 
R R 
$4 = 0.35 weber, $2 = 0.85 weber 
Do = 2 — фі = (0.85 – 0.35) weber = 0.5 weber 
dt = 0.5 sec 
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15. 


16. 


17. 


18. 


- dé 05. 
dt’ 0.5 
The induced current is anticlockwise as seen from above. 


i= v(B х1) 


-vBlcos0 =» 2» 
0 is angle between normal to plane and В=90°. и "B 
—> ——- 


= v B | cos 90? = 0. 
и=1ст/, В =0.6Т 
а) Att = 2 sec, distance moved = 2 x 1 ст/$ = 2 ст 








p- 8% _ 0.6x(2x5-0)x10% _ NY 
dt 2 
b) Att = 10 sec "m 
distance moved = 10 x 1 = 10 cm x x x x 
The flux linked does not change with time [.] me 
„. E=0 Sem x x x x 
с) Att = 22 sec < 20m ^ 


distance = 22 1 = 22cm 
The loop is moving out of the field and 2 cm outside. 


Ева оо 
dt dt 
-4 
_ 0.6х(2х5х10 re 40^ V 





2 
d) Att = 30 sec 
The loop is total outside and flux linked = 0 
- Е=0. 
As heat produced is a scalar prop. 
So, net heat produced = Ha + Нь + Н, + На 
К= 4.5 mQ = 4.5 х10° Q 
а) е= 3х 10“ \ 
(48225107 Leon dp amp: 
К 45x10? 
Ha = (6.7 x10? x 4.5 x 10? x 5 
Нь = Нч = 0 [since emf is induced for 5 sec] 
Н, = (6.7 x10? x 45 x 10? x 5 
So Total heat = Ha + Н, 
=2 x (6.7 x10? x 45 х 10? x 522 x 10* Ј. 
г = 10 ст, В =4 0 


B oot 9% = dB а d 
dt dt 








dt 
2 
Е= 28820001 257 
dt dt 2 
Ё 00153145001 эн io a a gp х 107 ! ! 
-4 
j= po ROO 2039 10 2 39 х 105A 


19. a) 5, closed 5, open 


netR=4x4=160 
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20. 


21. 


22. 


e= 90 д988 _10-442,10-2=2х 109 V 











dt dt 
-6 
i through ad = а 2010 = 1.25 х 10°’ A along ad 
R 16 
b) В= 160 

е= А х dB ox 05у 

dt 

-6 
i= a" = 1.25 x 10 A along d a 


c) Since both S, and S» are open, no current is passed as circuit is open i.e. i =0 
d) Since both S, and S; are closed, the circuit forms a balanced wheat stone bridge and no current will 
flow along ad i.e. i = 0. 
‚м2 
Magnetic field due to the coil (1) at the center of (2) is В = FORE 
а +x 


Flux linked with the second, 
uoNia? 2 
2(а2 + х2)372 л 


-B.A (2) = 


2212 ; 
Em.f. induced S$ -1AN a r di 
ugNxa?a? а E 
2(а? + х2)3/2 dt (R/L)x +r) 








ноМла?а'? -1R/Lv 
да + x* y? (R/Lyx erf? 
поћла?а’2 ERV 
© 2(а? 4 x3 7? L(R/2+r}? 
a) Forx-L 
ugNza?a'?RvE 
© Aa? x2 (R +г)2 
N = 50, В=0.200Т ; r = 2.00 ст = 0.02 т 
Ө = 60°, t = 0.100 s 
№ф _ МхВ.А _ NBAcos60° 





м 








(for x = L/2, R/L x = R/2) 














а) е = 
dt T T 
-1 2 
_ 90x2x10 x T x (0.02) =5x4x10°x z 
0.1 
= 2r x 10° V = 6.28 x 10? V 
-2 
Des 22285007 Lp EAE TUA 
R 4 


Qziz157*x10*x10'2157x10*C 
n = 100 turns, В = 4 x 10^ T 
А = 25 ст? = 25 x 10^ т? 
a) When the coil is perpendicular to the field 
ф = ПВА 
When coil goes through half a turn 
ф = ВА cos 18° = 0 —пВА 
do = 2nBA 
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The coil undergoes 300 rev, in 1 min 
300 x 2л rad/min = 10 x rad/sec 
10r rad is swept in 1 sec. 
п/л rad is swept 1/10л x x = 1/10 sec 


_ dé 2nBA 2x100x4x10*x25x10* 








E - =2x10°V 
dt dt 1/10 
b) $1 = ПВА, $2 = ПВА (0 = 360°) 
4ф-0 
-3 
ЕЯ age 
R 4 2 


20.5x10?25x10* 
q = idt = 5 х 10^ x 1/10 = 5 х 10? С. 
23. г= 10 ст = 0.1 т 


В = 400, № = 1000 4 SN 
Ө = 180°, В = Зх 10° T 7 
ОЕ, аа” 


ф= N(B.A) = NBA Cos 180° ог = -NBA 

= 1000 х3 х 107° x n x 1х 102 = Зл х 10* where 
dọ = 2NBA = 6л x10 * weber 
_ dọ Onx10^V 
^d dt 
s 6nx10^ 4.71х1079 

40dt dt 

_ 4.71x10? ха 
D dt 
f= 9$ _ dB.A cos 0 

dt dt 
-BAsin 0 o = -ВА o sin 0 
(dq/dt = the rate of change of angle between arc vector and B = о) 


e 





Q = 4.71 x 10°C. 


24. em 


а) emf maximum = ВА = 0.010 x 25 x 10% x 80 x 2557. 
= 0.66 x 10? = 6.66 x 10~ volt. 
b) Since the induced emf changes its direction every time, 
so for the average emf = 0 


1B2A 2,2 
BAS: inotR dt 





25. H= [а= [| E: 





_ В2А202 pt 
_ В?А?о? (, sin2ot sd 
2R 20 Л 





T В?А202 00 sin2x8—x2n/60 x 60 
2R 2x80x2n/60 


2 
- “Эв асаа xB? x| 80“ pan 
200 60 


8:59. dg. 95 x40 CODER ОО РОКОКО 


200 9 9x2 


x10711 = 1.33 x 107 J. 
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26. ф = ВА, ф2=0 
4 2 
_ 2x10 7 xn(0.1) -q x40? 


"c 00-02, i X 
-6 х х 
pee uU a7 x oV 
dt 2 


27. |= 20 ст = 0.2 m 
v = 10 cm/s = 0.1 m/s 
B=0.10T 
а) Е =а\В = 1.6 х 10° х1х10'х1х10 "= 1.6 x 10” N 
b) qE = qvB 
> Е=1х 10 ' х 1х 10-1 = 1 х 10? Мт 
This is created due to the induced emf. 
с) Motional emf = Ву 
20.1x0.1x0.222x 103 V 
28. 021m, В=0.2 T, v 2 2 m/s, e = Blv 
=0.2x1x2=04V 
29. #= 10m, у= 3x 10" m/s, B23x 10? T 
Motional emf = Bv? 
23x100x3x10'x1029x10?-20.09V 
30. v = 180 km/h = 50 m/s 
B-02x10^T,L-21m 
E = Bv? = 0.2 I 10% x 50 = 10° V 
-. The voltmeter will record 1 mv. 
31. a) Zero as the components of ab are exactly opposite to that of bc. So they 





cancel each other. Because velocity should be perpendicular to the length. 5 o 
b) е= Вух { 
= Ву (bc) *veat C 1 


с) е = 0 as the velocity is not perpendicular to the length. 
d) e = Bv (bc) positive at ‘a’. 
i.e. the component of 'ab' along the perpendicular direction. 
32. a) Component of length moving perpendicular to V is 2R 
7 E=Bv2R 


b) Component of length perpendicular to velocity = 0 
SEO [ \ 


33. {= 10 ст = 0.1 т; 


0-602:8-1Т © 
V = 20 ст/ = 0.2 m/s 607 
Е = Bvt sin60? 


[As we have to take that component of length vector which is 1r to the velocity vector] 
21x02x04x 43/2 
= 1.732 x 10° = 17.32 x 10° v. 


34. а) The e.m.f. is highest between diameter Lr to the velocity. Because here & © 
length Lr to velocity is highest. 
Emax = VB2R —у 
b) The length perpendicular to velocity is lowest as the diameter is parallel to the бу & 


velocity Emin = 0. 


ме 
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35. 


36. 


37. 


38. 


39. 


F magnetic = НВ 

This force produces ап acceleration of the wire. 
But since the velocity is given to be constant. 
Hence net force acting on the wire must be zero. 


Е = В\ 

Resistance = r x total length 
=r x 2({ + vt) = 24({ + vt) 

. Bw 

Ё 2r(£ * vt) 

е = Bvt 


e Ву? 

В 2r(/-^vt) 

_ _ Bw В = B?/?y 
Qr(¢+vt) | 2r(£vt) 

b) Just aftert = 0 


а) Е= НВ 





Fo- it B- В KBV, 
2r 


_ (Bv 
NU 
Ро (Ву /2В2у 
2 4r 2r(£ * vt) 
> 2t=l+vt 
> Т= 0% 
а) When the speed is V 
Emf = Btv 
Resistance =r +r 
B/v 
r+R 
b) Force acting on the wire = ifB 


_ BAWB _ B*/?v 





Current = 























R«r Rer 
2,2 
Acceleration on the wire = EM 
m(R +г) 
B?/?y : . | 
с) V=Vo + at = vo- t [force is opposite to velocity] 
m(R +r) 
B^/?x 
m(R +г) 
2,2 
d) a= S5. B^/^v 
dx m(R+r) 
=> dx= Миш хан! 
B^ 
_ m(R+r)vo 
КЕ Ж 


R = 2.0 Q , B = 0.020 T, I = 32 ст = 0.32 т 
B = 8 cm = 0.08 m 
a) F =ИВ = 3.2 x 10° N 
_ Bey 
в 


= 3.2 x10? 
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40. 


41. 


42. 








2 2 
Ei (0.020) х(0.08) x v = 32х10 
2 
-5 
= 3.2x10? x2 = 25 m/s 


6.4x10? x4x1074 
b) Emf = vB? = 25 х 0.02 х 0.08 = 4 x 10? V 


с) Resistance per unit length = as 




















Resistance of part ad/cb = 5 "E 21.80 
Vas = iR = x18 LÁ = 0.036 V = 3.6 х 10? V 
d) Resistance of cd 5 — =0.20 
etes 002x008x28x02.. x 105: 
{= 20 ст = 20х 102 т 
v = 20 cm/s = 20 х 10? m/s 
Вн=3 х 10° Т 
ї=2нА=2х10°%А 
R=0.20 
T Byév 
R 
: -6 1 
> В, = Re 28 аар zm 10° Tesla 
(у 20x102 x 20x107 
-5 
tans = Ву 151071. р) = tan"! (1/3) 








B, 3x10? 3 
Bév Bx/cos0xvcos0 
R R 


- БУ sos? 0 
R 





B/v cos? 0x /B 
R 
Now, Е = mg sin 0 [Force due to gravity which pulls downwards] 


B?/?v cos? 0 


Е=НВ = 











Now - mg sin 0 
R 
оны аш! ene 
(“у cos* Ө 
a) The wires constitute 2 parallel emf. X X X х 
х Netemf = В/у= 1x 4x 10? х 5 x 107 = 20 x 107 1 20, 120, 
2x2 4cm x х х х 190. 
Net resistance = +19=200 M 
242 ML Ae rA а ЕВЕ 
-4 
Net current = mL 0.1 mA. 


b) When both the wires move towards opposite directions then not emf = 0 
2. Net current = 0 
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43. 


44. 


45. 


46. 


4T. 


Р: Р, 
4cm 20 20 190 


Qı Q2 B=1T 


a) No current will pass as circuit is incomplete. 
b) As circuit is complete 

VP2Q2 -B/v 

=1х0.04 x 0.05 =2х 10? V 
К = 20 
-3 

үз 25107 L4 499A - 4 тА. 
B-1T,V25110?m/, В = 100 
a) When the switch is thrown to the middle rail 

Е = Bv? 

z1x5x10*x2x10^210? 

Current in the 10 О resistor = E/R 


2108 = 10“ = 0.1 mA 
10 
b) The switch is thrown to the lower rail 
Е = ВМ 
=1х5х 10? х2х 102 = 20 х 10“ 
Current = 22081 = 2х 10 = 0.2 тА 


Initial current passing = i 
Hence initial emf = ir 

Emf due to motion of ab = Вїу 
Net emf = ir — Blv 

Net resistance - 2r 





: ir -B/v 
Hence current passing = 7 
r 

Force on the wire = ИВ 
Acceleration = ив 

m 
Velocity = ив! 

m 

Given Blv = mg ...(1) 


When wire is replaced we have 
2 тд — Bfv = 2 ma [where a — acceleration] 
2mg -B/v 

2m 


>а = 


Now, $ = uta 








s p = 1,2mg-Be „ү 1854 
2 2m 
4ml 4ml 
t= = =/24/0. [from (1 
реша аи 9. | e 


Р, Р, 
а; Q2 
Qı Q2 
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48. a) emf developed - Bdv (when it attains a speed v) 


Current = Bdy 


d?v? 


Force = 





This force opposes the given force 








2,2 2.2 

Neps p-BO V. gp Bdv 
R 

RF -В2а?у 


Net acceleration = 
mR 


b 


ме 





Е Вау _ б 
m mR 
Е  B?d?w, 





m mR 
_ FR 
TO gg 
Velocity at line t 
_ dv 


dt 
у dv t dt 

> = 
Еа Їл 


M 0 
= une lB^v]— z | | 
-FB?|, [Вт] 


_ - WB? 
Rm 


Cc 


~ 








= |, (RF -?в2у)} 


-t?B?t 
Rm 





= (RF -PB?v) - In(RF) = 


252 —12824 

vem 

PB?v 
RF 





> 1- 


—12824 
=1-е Rm 








-PB?vet 


1 _е Вуот Е vo(1 27 e Pom) 





_ FR 
ү = Pp? 
49. Net emf = E - Ву 


á E-Bvé 
r 


| from b toa 


Е= В 





= id Je = {В (E. Buy) towards right. 
r r 


After some time when E = ВУ, 


Then the wire moves constant velocity v 
Hence v = Е / В!. 


Velocity becomes constant when acceleration is 0. 


5H 
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50. a) When the speed of wire is V 
emf developed = B/V 


b 


— 


Induced current is the wire = = (from b to a) 


c) Down ward acceleration of the wire 


ЧЕ due to the current 
m 



































2,2 
-mg-i/B/lm-2g- BM 
Rm 
d) Let the wire start moving with constant velocity. Then acceleration = 0 
B?/?v mad 
Rm Е 
_ gRm 
> М = 8272 
ау 
e) — =a 
dt 
dv. mg-B?/?v/R 
dt m 
mg -B^/^v /R 
m 
v отау t 
— s; = | dt 
ii [ B?/2v | 
mg- 
R 
= Ш бабан | ={ 
–В2/2 к} 
R 
emi «od B?/?y | 44 
айж Шэн а og(mg) | = 
| cc BAY 
mg-—57— | _4p2/2 
> log = 
mg mR 

















И B^?v| 182/2 
| Кто |. mR 
2,2 -tB?/? 
| B'f*v 26 mR 
Rmg 
> (1-e 8^ ImRy _ В2/2у 
Rmg 
ү = zu (1- e ime) 
Е Кт 
ууа м (ега m) [vn 2:1 
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51. 


52. 


53. 


f) B азга 
dt 


t 
=>s=vm 1 (1-9 dt 


= (Е Vit Мега “Ма 
9 9 9 


- мае) 


а ds 
— mgs = mg — = mgV„(1- e 9 vm 
9) ng gr d m( 





2 202,2 
dy PR.R (ВУ 41 B^v 
dt R R 
PB? 
R 
After steady state i.e. T — со 


- У20 n e 9t vm y 





d 
—mgs = том 
dt g 9Vm 


dy _ £B? j2 _ £B? y тав 
d R US В "jg? 





Hence after steady state 9н = d mgs 


dt dt 
{= 03 т, B= 2.0 x 10? T, o = 100 rpm 8 
у= 100. ee rad/s | | | 
60 3 


« 
Il 
ММ | > 
e 
Il 
o 
NIS 
— 
ela 
a 


Emf = е = Bev 
=2.0х 10®х0.3х 799,19 | 
2 3 
-3nx109V23x344x109V2942 x 10$ v. 
V at a distance r/2 


—> 
--» 


From the centre = > 


E=Bv>E=Bxrx -= 1Bro 
2 2 


3 


B = 0.40 T, о = 10 rad/’, r 100 

r=5cm=0.05m 

Considering a rod of length 0.05 m affixed at the centre and rotating with the same o. 
2030 0.05 


= — хф = 


2 





х10 в® 


0.05 


e = Blv = 0.40x х10х 0.05 25x10? V 





e 


-3 
zu рд 
10 





e 
R 
It leaves from the centre. 


d 
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= Bis 
54. B=—2yK 
P y 
Е = Length of rod on y-axis 
V=Voi 
Considering a small length by of the rod 
dE =BV dy 





> аЕ = Бо yx Vs xdy 








= dE = 206 yay 
BoVo rt 
Е= —2°9| yg 
> E [vay 
BM y] вм 1 
= Povo) УР | < Ромо = БАЛЕ 
L |2 L 2 2 


55. In this case B varies 
Hence considering a small element at centre of rod of length dx at a dist x from the wire. 

















: : : 
e= [ае= Но“ = | OX L HOY tin (x + 12) — tn(x - 2] 
0 2n X 2n 
x-t/2 
7 Ном |. х+(/2|_ Ном |. 2х2 
2n x-41/2 2x 2x-4 
56. a) emf produced due to the current carrying wire = Ном үр ZH 
2n 2x-4 
: 222 Ном, [2х6 
Let current produced in the rod = i’ = — п 
2:В \2х-/ 
Force on the wire considering a small portion dx at a distance x 
dF =i'Be 
E ле Ро 2 үүлэн ха, 
2лК \2х-() 2лх 





гү2 
= dpa [№] Min 205 ах 
2n) R \2x-£) x 
32 x+t/2 
= (Во! Ур 2х+/ | dx 
2n) В \2х-/ X 
x-t/2 
2 
= [Ho | Vis 2x «4 In 2х+( 
21) К \2х-/ 2х-( 
СУ Hol i 2x «(P 
Б|2л \2х-( 


b) Current = каш. 22225 
2nR \2х-/ 
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57. 


58. 


c) Rate of heat developed - н 


_ | нау ( 2x + £ = 1 HolV |. 2x4 (Y 
2nR \ 2x — ¢ В 2л \2х-/ 


d) Power developed in rate of heat developed = РВ 


221 ноу || 2x + / i 
R| 2л \2х-/ 


Considering an element dx at a dist x from the wire. We have 














а) ф= В.А. а 
аф = poi x айх 
27X | 
a+b dx цаа 
d ыг р пиа / 
p= а= == {1+a/b} | 
+— b —— 
pew emt Mie -a/b] - 
dt dt 2л 


ноа int +a /n] (i sin ot) 
T dt 





_ Ноаіоосоѕ 227 нагы] 
T 


e _ шацосо$ ot 
2nr 





c) 15 In[12- a / b] 


Н = irt 





Е == ot 


2 
аль) xrxt 
2nr 


2 2.12 2 
= На хохо wan, a/b]xrx 20" 
о) 








4пхг 


= Suja ioo [lza/b] [t= 207 A] 
21 
a) Using Faraday’ law 
Consider a unit length dx at a distance x 
g= Hol b ——*:у 
2nx 
Area of strip = b dx 


_ Hol 
do = — dx 
? 2тх 
a+l i 
> ф= Hol раҳ 
4 2лх 





-iof (83-ы ноб, zen 


Emr- 96. 9 нй (a 
dt а 2x a 
_ nob а Бин 


2л а+! a? 








) (where da/dt = V) 
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59. 


60. 


61. 


62. 


_ pob a vi _ nob 
2л a«la? 2л(а +1)а 


The velocity of AB and CD creates the emf. since the emf due to AD апа BC are equal and opposite to 
each other. 





; B c 
Bag = Ho. 5 E.m.f. AB = 12 by | | 
2та 2та | É 
Length b, velocity v. | 
B. = Hd _ A s 
907 2x(a«l) “ош ж 
> Em.f. Ср = КОЗУ 
2n(a +1) 


Length b, velocity v. 
Но! Бус бу _ ром 











Net emf = 
2n(a-l) 2лә(а +1) 
аруа Patra 
2 
j= Ва 
2R A 
Ba?o B?a? 





F-ilB- хахВ = 22 towards right of OA. 
2R 2R 


The 2 resistances r/4 and 3r/4 are in parallel. 
r/4x3r/4 3r 

















R'- ЕЕ ЯГ 
r 16 a B 
e = ВМ S сс па 
а Ba?o $ de А 
-Вх-оха- 
2 2 х х 
i= е _ Ba?o = Ba?o X X X х 304 
В’ 2R  2x3r/16 
. Ва2016 8 Ва20 
2x3r 3 r 
We know 
2,2 
Е: в а pa 
2R ® р Ñ 
Component of mg along F = mg sin 9. 
F = mg sind 
Net force = Каш uo sino. 
2R 
emf = = Boa’ [from previous problem] 
Е 277 
2 2 м ИВ 
Сайвгг е+Е 1/2xBoa^-E Baa’ + 2Е X хх NS 
R R 2R : р. AN 
> mg cos 0 = “В [Net force acting on the rod is О] 5 
B s +2Е х х mg со50 
=> mg cos 0 = = t£ ав pU eee 62 
2R 
2 
ET (Boa* + 2Е)аВ 
2mgcos 0 
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63. Let the rod has a velocity v at any instant, 
Then, at the point, 


е = ВМ 
Now, а = сх potential = ce = СВ Gs 
Current | = 24.4 свм Г 1 
dt dt v 
dv | mg 
- SB = CBla (where a — acceleration) 


From figure, force due to magnetic field and gravity are opposite to each other. 
So, mg — {В = та 
= тд – СЁ а х {В = ma = та + СВ*Ра= mg 


=> а(т + СВ) = mg >а= шог 
m + CB^/2 
64. a) Work done per unit test charge 
= $E. dl (E 7 electric field) x 2X7 х 
$E.dl- e T L E EM 
_ dà _ dB | € | 

EDU. = Е 2лг = me AN A x 
2 dB x CX x 


= Е 2лг= лг эн 
dt 


_ лг? ав гав 
— 2n dt 24 
b) When the square is considered, 
ФЕ dl=e 


>Ex2rx4= E ar? 


= dB 4r? Е = г dB 
dt 8r 2 dt 
-. The electric field at the point p has the same value as (а). 
65. ule 0.01 A/s 
dt 


For 2s gi = 0.02 A/s 
dt 


n = 2000 turn/m, R = 6.0 cm = 0.06 m 
r=1cm=0.01m 


а) ф= BA 
> ot una È 
= 47 х 10" х2 х 10% хлх 1х 10*х2 х 102 [А=лх1х 10] 
= 16л? x 10" о 
= 157.91 x10" о 
= 1.6 х 10° о 


Or, X for 1 s = 0.785 о. 


- dé 
b) ЇЕА! a 
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66. 


67. 


68. 


69. 





-8 
> Edl = ee En 0785510 = 41.2 x 107 Vim 
dt 27x107 
d$ di, 3 5 
с) — = ugn — A = 4n x10 7 x 2000 x 0.01 ххх (0.06) 
dt dt 
do 
Ефа = — 
meat 
-7 2 
p= 99/9 _4лх10 22090500 ыш) УТЕ т 
2nr n1x8x10^ 
V -20V 
dl = l2 — l = 2.5 (-2.5) = 5A 
dt=0.1s 
v= 19 
dt 


=> 20 =L(5/0.1) = 20 = L x 50 


= Lk 


аф 


ог, L 


= 20/50 = 4/10 = 0.4 Henry. 


—. =8 х 10 ^ weber 
dt 


Ec 


п = 200, 1 = 44, Е= -nL £| 
dt 
-0ф _ -Ldi 
dt dt 
= n= 200 x 8 x 404 = 2 x 10? H. 
dt 
uoN^A 4! 
ё dt 


_ Anx 107 x (240) x (2x10? 


x 0.8 





2 Anx(24 xnx4x8. 


12x10? 


10-8 





= 60 


12 
577.3824 x 10? = 6 x 10 V. 


We know i = ip ( 1-е“) 


8) 


90, _ 
100? 


ig(1- e") 


>0.9=1-e™ 

— e 204 

Taking £n from both sides 

Ine " = in 0.1 2 = -2.3 > t/r = 2.3 


b) ary cis - e) 

=> e" = 0.01 

tne“ = tn 0.01 

ог, —Иг = —4.6 ort/r=4.6 
с) io -ig(1-eU") 

e™ = 0.001 


= Ine“ = In 0.001 2 e™ = -6.9 > t/r = 6.9. 
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70. 


71. 


72. 


73. 


74. 


і = 2А, Е = 4%, 1 = 1Н 
ВЕ ЕСЫ 
i 2 
joe ЕТУ 
R 2 
L = 2.0 H, R = 20 Q, emf = 4.0 V, t = 0.20 S 
PEN 4 -L.2 01 





^R 20' R 20 
dudo 4 
a) і= 6 (1-е) = —4-e 92/01 
) iei(1-e*9- 7 ) 
=0.17А 
b) aut = 5 x2x(0.17)?= 0.0289 = 0.03 J. 


В =400, Е = 4У, {= 0.1, і = 63 тА 

izig-(1- e?) 

=> 63 х 107° = 4/40 (1 - e 9! * 4") 

63 x 10° = 10%” (1 - e™”) 

63 x 10° = (1 sot) 

1- 0.63 = e ^. — е“ = 0.37 

-4/L = In (0.37) = —0.994 

L=—  -402H-4H. 
-0.994 

L = 5.0 H, R = 100 Q, emf = 2.0 V 

{= 20 ms = 20 x 10° s = 2 х 10° s 


> 
> 
> 
> 





= тоу "ow [sided 


270 
ae = + 1 гах 100 
В 100 100 

2 -215 

= 10949 ) 

— 0.00659 - 0.0066. 

V = iR = 0.0066 x 100 = 0.66 V. 

т= 40 тѕ 

= 2А 

а) {= 10 ms 


i-i(T-e' 220-6" ysp(ig ^ 
= 2(1 – 0.7788) = 2(0.2211)^ = 0.4422 А = 0.44 A 


b) {= 20 ms 


i= io (1 = e™") = ее 2" “)г52(1-46775) 


= 2(1 — 0.606) = 0.7869 A = 0.79 A 
c) {= 100 ms 


j= іо (1 ze = 211 i! ed = 2(1 К eo) 


= 2(1— 0.082) = 1.835 А =1.8 А 
d) {=1$ 


Ї = io (1 Y e ^) = 211 Lg 14010? ) 2 2(1 Е e7100) 


= 2(1-е ®)=2х1=2А 
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75. LZ 10H, К = 20 Q , emf = 2.0 V 


LUE в 
R 20 
ва 0413 
В 20 
i = 0 (1-е) = io — ісе" 
di dig Adm. ад 
ag te М) те". 
So, 
a) {= 100 ms = 9 - OT e-0.1008 = 9.97 А 
0.05 


b) {= 200 ms = di- 0-1 , -02/005 0,0366 А 
dt 0.05 
с) t21s2 di - 01 5110.05 4 x 1079 A 
dt 0.05 
76. a) For first case at t - 100 ms 
4. 0.27 
dt 
Induced emf = ыг =1 x 0.27 = 0.27 V 
b) For the second case at t = 200 ms 
4. 0.036 
dt 


Induced emf = ыг = 1х 0.036 = 0.036 V 


с) For the third case аїї = 1 s 
di 41x 10? V 
dt 


di 





Induced emf = ыг =4.1 х 10 № 
77. = 20 тН;е= 50V, В =100 
L 20x10? 5 
тэ = А lo = 
R 10 10 
i-i(1—e ^y 
= izi-ige t 
> iR2iR-igRe* 
d 5 10 -0x10/2x10? 


a) 10x Ч - —igR +10 хе 
dt 


X —— X — 
dt 10 20x10? 


5000 


- 2103 x1= 2778 = 2500 = 2.5 x 10? V/s. 


b) БО жык В 
dt t 
{= 10 ms = 10 x 10? s 
dE 5 10 -0.04x10/2x10? 


xe 





= 10x x 
dt 10 20x10? 


= 16.844 = 17 V/' 
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с) Fort=1s 


dE Rdi _5 493 гм = 0.00 V/s. 
d d 2 


. Е = 500 тн, В =25 0, Е =5\ 


а) t=20ms 


i= ip (1-е 8% = Ер евлу 
R 
x Z (17e to sno) E-e) 
25 5 


- =(1-0.3678) = 0.1264 


Potential difference iR = 0.1264 x 25 = 3.1606 V 2 3.16 V. 
b) {= 100 ms 


E 


Hm = (1-E-RIL 


i=i(1-e 


x _ 6100107 ‹25/100:1073 ) = ia e) 
25 5 


50 -0.0067) = 0.19864 


Potential difference = iR = 0.19864 х 25 = 4.9665 = 4.97 V. 


с) {= 1 sec 
i= ip (1-e 9^) = Eq pm 
R 
5 ES x00?) 1 5 
5 zs [i-e 4x25 /100x10 )= 0-8 80 
1 
= —х1 = 1/5 А 
5 


Potential difference = iR = (1/5 x 25) V = 5 V. 


. Е = 120 mH = 0.120 H 


R=100,emf=6,r=2 
451158 7) 
Now, dQ - idt 

= io (1-8 et 


| 
Q = [da = [ite "at 
0 


Я f PT Гүсэн 
„Ја | dt|-igt cafe dt 


+ «(e 71) = те" 


Now, і = О БИА 
10+2 12 
тэ ао 2601 
R 12 
а) {= 0.01 $ 


$0, О =0.5[0.01 + 0.01 e °°" _ 0.01] 
= 0.00183 = 1.8 x 10? С = 1.8 mC 
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80. 


81. 


82. 


b) t-20ms-2x10?'-20.02s 
$0, О =0.5[0.02 + 0.01 e 00200. 0.01] 
= 0.005676 = 5.6 x 10? С = 5.6 mC 
c) 1= 100ms = 0.1 $ 
$0, @ = 0.5[0.1 + 0.01 e°""" — 0.01] 
= 0.045 C =45 mC 
L = 17 mH, {= 100 т, А = 1 тт? = 1 х 10? т, fou = 1.7 x 10? O-m 
up О x100 _ 
^A 1x10 9 —— 


-8 
Е ШТЭЭ 299 отаде: 
R 1.7 


t = ШК = 50 ms = 0.05 ' 


К 1.70 





а) lo _ Юй _е-!'06) 


2 
> 1. 1—е-—\/005 _ 6-1/0.05 = 1 
2 2 
— In e 10.05 = in? 
=> {к= 0.05 x 0.693 = 0.3465 "= 34.6 ms = 35 ms. 


2 
b) Р-ЁВ- Е} 


2 
Maximum power = R 


E? E? 


So, See oe YP 
2R R 
ы 1 
(ag e ccr 
42 
> e™ = 0.293 
tR 


> qr eee 1.2275 
=> t= 50 х 1.2275 ms = 61.2 ms. 


Maximum current = Е 


2 
In steady state magnetic field energy stored = 3052 


2 
The fourth of steady state energy = E EN 
One half of steady energy = : L Е 
t мат Re 


ТЛЕ ЯЕ? -tR/Ly2 
=—L 1-е ' 
вер 2m ( ) 


uL _ 1 





= 1-е 


{вл 1 


> е Бэ 


Е cde dE 8/42 
Again —L =—L 1-е 2 
gan 4L 7 2 gif ) 
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83. 


84. 


85. 


БАЛ. _ 42-1 2-42 





> e 








J2 2 
= te= qaf 1 Jum: 
2 4 2-42 С 
So, t2— t4 = тёп 1 
‚ 2 1 5 2-42 


Е = 4.0 Н, В =100, Е =4\ 


a) Time constant = t = =- — = 0.4 $. 


b) i = 0.63 ig 


Now, 0.63 i; = ip (1-е) 


= e™ = 1— 0.63 = 0.37 
> (пе = In 0.37 
=> -t/t = 0.9942 


=> t = 0.9942 х 0.4 = 0.3977 = 0.40 s. 


с) i= io (1-е) 


> is (i-e 44) = 0.4 x 0.6321 = 0.2528 А. 


Power delivered = VI 


= 4 x 0.2528 = 1.01 = 1 o. 


d 


— 


Power dissipated in Joule heating =РВ 


= (0.2528)? x 10 = 0.639 = 0.64 o. 


[Ed se) 
= uhi = роп ig (1 — e^) 


— 0.8 Bo = Во (1 Lg 20x10 xR/ 2x10 ) 


- 6910-02 
= -R/100 = –1.609 


Emf-E LR circuit 
a) dq = idt 
= io (1 edt 
= io (1-е ^ gt 


o 
І 


= j^ =, ја Је 


= io [t - (-LIR) (e^) to] 
= io [t - L/R (1 - e^ 5j 
О - ER [t - LIR (1 — e "^y 


уу у} 


[-. т= ШВ] 


b) Similarly as we know work done = VI = ЕІ 


= E io [t - L/R (1 - e ^j 


E? IR/L 
еа ы ш 


t 2 
c) H= [eg ac = —. 
: R 


2 
Pa (1+e! 
R 


.—.- 


t 
R.[a-e "y dt 
0 


-2+B)/L _ 2e R/L ) - dt 


B= Bo (te 
0.8 = (1- gy 
£n(e "9 = г п(0.2) 
В = 16.9 = 160 ©. 
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= E (i-em Hase) 
R 2R R 0 
= ааз Ее 
R 2R R 2R В 
- El L > 2L ) - 
- t X^ 4 -X 
R 2R R 2R 
2 
.E Ї L (2 4x43) 
2 2R 
d) E- Tig 
2 
T E авло ET 
= —Ё.—-.(1-е х=е 
abr ez Y I ] 
LE? 2 
= — (1-х 
OR? | ) 
e) Total energy used as heat as stored in magnetic field 
Е. EL о EL о 3L E? LE? LE? LE? 
= —T (LL X. 4 .4х (— 4 H Х Х 
R RÆ Rr 2R R 2R? 2R? В? 


Е2 E*L LE? 





= t4 Х 
R R? R? 
RREA) 
= ——|{-—(1-х 
5 в! ) 


= Energy drawn from battery. 
(Hence conservation of energy holds good). 
86. = 2H, = 2000, Е =2\, { = 10ms 
a)tetyd-e") 


- 2 (156:19:07:20012) 


200 
= 0.01 (1-е ')=0.01 (1 — 0.3678) 
= 0.01 x 0.632 = 6.3 A. 
b) Power delivered by the battery 
= VI 


2 
= El (1 - e™") = E-e) 


= 2x2 (4 _ g-10«0*:200/2, = 0.02 (1-е ') = 0.1264 = 12 mw. 
200 
с) Power dissepited т heating the resistor = РЕ 
= (1-е "РВ 


= (6.3 тА)? x 200 = 6.3 x 6.3 x 200 x 107 
= 79.38 x 10^ = 7.938 x 10? = 8 mA. 

d) Rate at which energy is stored in the magnetic field 
d/dt (1/2 Li?] 
= LIS -t/t  ,-2t/t 25102 -1 
prc M РЕТ E 
=2х10 (0.2325) = 0.465 x 107 
24.6 x 10? = 4.6 mw. 


zB) 
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87. LA 10H ; Lg 20H; В = 100 
a) t2 0.1 5, ta = 0.1, лв = L/R = 0.2 
1401-2677) 


2 -0.1х10 
- a 1 | = 02 (1— e!) = 0.126424111 





10 
ig = 10(1 e ^) 


2 -0.1х10 
= 2 2 | = 0.2 (1— е '?) = 0.078693 





10 
i, _ 0.12642411 _ 


в — 0.78693 

b) 1= 200 ms = 0.2 5 
in = io(1 — e") 
= 0.2(1-е 9240/1) = 0.2 х 0.864664716 = 0.172932943 
ig = 0.2(1- e 9249/2) = 0.2 х 0.632120 = 0.126424111 


ia _ 0.172932943 
в 0.126424111 


= 1.36 = 1.4 





c) t=1s 
ia = 0.2(1— e 19/1) = 0.2 x 0.9999546 = 0.19999092 
ig = 0.2(1-е 10/2) = 0.2 x 0.99326 = 0.19865241 

i, _ 0.19999092 _ 


в 0.19865241 


88. a) For discharging circuit 
i= ig e™ 
>1=2e 
= (1/2) = e?'* 
=> fn (1/2) = tn (e ^'^) 
=> -0.693 = —0.1/ 

— 1 7 0.1/0.693 = 0.144 = 0.14. 
b) L24H,i s МВ 

= 0.14 = 4/В 

= В = 4 / 0.14 = 28.57 = 28 О. 


1.0 


—0.1/« 


89. 
Case -| Case - Il 


In this case there is no resistor in the circuit. 
So, the energy stored due to the inductor before and after removal of battery remains same. i.e. 


de: 
М, = Vos 5 


So, the current will also remain same. 
Thus charge flowing through the conductor is the same. 
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90. 


91. 


92. 


93. 


94. 


a) The inductor does not work in DC. When the switch is closed the current 











charges so at first inductor works. But after a long time the current flowing is Re 
constant. 
Thus effect of inductance vanishes. 
j= E | E ЕВ +В.) 
Ra ЮВ | RR; Е 
К, +В, 
b) When the switch is opened the resistors are in series. 
EN L 
T= = А 
К. К; + Б, 


i = 1.0 A, r = 2 ст, п = 1000 turn/m 
2 


Magnetic energy stored = Bw 
Zug 


Where B — Magnetic field, V — Volume of Solenoid. 





2:2 
= Hon x nr?h 
2ug 
4nx107 x108 x1x xx 4x10 x1 
- [h = 1 m] 
2 
= 81? x 10? 


= 78.956 x 10? = 7.9 x 10 J. 
B? 
Energy density = —— 
20 


2 TPXV 2 
ВАУ _ (ш!/2г) vo n y 





Total energy stored = 





2ug 2р, 4r? x2 
-7 2 -9 
- 4n x10 8 ad tt = 8n x 107^ J. 
4x(10 Y x2 


| = 4.00 A, V = 1 ти, 
а= 10cm =0.1 т 


B- Hol 
2nr 
B? 
Now magnetic energy stored = ——V 
20 
2:2 -7 -9 
л ыг " 1 х\/= 47х10 Ze 
4пг“ 206 4х1х10 x2 


8 „10-4 
T 





= 2.55 x 1074 Ј 
M=2.5H 
di /A 
dt s 
dl 
E =-u— 
"dt 


=> Е =2.5 х 1 = 2.5 \/ 
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95. We know 

de =E=Mx— 
dt dt 

From the question, 
di 
dt 
db _ E- оаіоосоѕ ot 
dt л 


а. . : 
= — (1 Sin œt) =ip@cos ot 
acto )7lo 





£n[12- a/b] 


Now, Е = M i 
dt 
аіоосоѕ ot 


or, 
2n 





тШ-а/р| 2M xigocos ot 


> M- Ро nq. ap] 
2л 








2,12 
96. emf induced = хаан ERY : 
а +x X+r 
2L( y *(R/L ) 
el - ERNS from question 20 
dt 2 
(8 +") 
L 
REL Мнола?а” 
и di/dt 2(а2 + х2)272 
97. Solenoid |: 
a,=4 cm? ; n4 = 4000/0.2 т; ¢,=20cm=0.20 т 
Solenoid ll : 


а = 8 ст? ; n2 = 2000/0.1 т; £, = 10 ст = 0.10 т 
В = рпі let the current through outer solenoid be i. 
ф= п.В.А = п; n» Uo I ха. 


x4nx107 xixAx10* 





- 2000x 2220 
0.1 


Е- 9% _ 641х104 
dt dt 


Now М = кс -64n x 10^H = 2 x 10° H. [As E = Mdi/dt] 
di/ dt 
98. a) B - Flux produced due to first coil 
= шп! 


Flux ф linked with the second 
= цпіх МА = ugni Мл В? 
Emf developed 
dl dt А 2 
= — = —(ugniNzR 
dt dt (цол Nx R^) 


= ugnNaR? = = ugnNaR?igocos ot . 


» 
» 
» 





Ш 


ЕВ 
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CHAPTER - 39 
ALTERNATING CURRENT 


[= 50 Hz 
I= Ip Sin Wt 
lo. 


42 


lo. = [y Sin Wt 


V2 


5-5 = Sin Wt= Sin 7 


42 


> 1 = у. ог, {= 
4 


Peak value I = 


= 


2 Л 1 21 =0.0025s= 2.5 ms 


400 4х2л/ 8f 8x50 





Ems = 220 V 
Frequency = 50 Hz 


(а) Ems = Ёо. 


42 
= Eo = Ems 4/2 = V2 x 220 = 1.414 x 220 = 311.08 V=311V 
(b) Time taken for the current to reach the peak value = Time taken to reach the 0 value from r.m.s 


I I | 
T= & => © = Sin ot 








2 "X2 
= = — 
UC TINI ари ака 
4o 4x2nf 8150 400 
Р = 601 V=220V=E 
2 
R= Y = 220x220 806.67 
P 60 
£o = V2 E = 1414 x 220 = 311.08 
„= £2 = 806-67 L 0.385 = 0.39 A 
R 311.08 
E = 12 volts 
i? Rt = if ms RT 
JE _ Em es ЕЎ 
R? R? 2 


= Ey? = 2E? > Ej 22x 122 = 2 х 144 
= Eo = 42x144 = 16.97 = 17 V 
Po, = 80W (given) 
Pims = Po =40 W 
2 
Energy consumed = P x t = 40 100 = 4000 J = 4.0 KJ 


E=3x10°V/m, А=20спт? d=0.1mm 
Potential diff. across the capacitor = Ed = 3 x 10° x 0.1 x 10? = 300 V 
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10. 












































i= ђе“ 
1f. i^ | i ^ T 
= 12е 2д-24 тар = lo ган” e = lez 1] 
t t 0 д2 
0 0 
21 о. = = 
MEA EE 
E = (10 V) Sin ot 
ajiz E2 = Fo = 10 =1х103А 
17. 
oC 10x107" 
b) œ = 100 87 
I= Eo = E =1х 10 ?А=0.01 А 
(2) =) 
с) о = 500 s” 
I= Eo = T =5x107A=0.05A 
(2) =) 
d) о = 1000 87 
I- Eo = И = 1х 10 А= 0.1 А 
ас) = 
Inductance = 5.0 mH =0.005 H 
a) о = 100 s” 
X, = oL = 100 x 95 -050 
1000 
jz 80. = 10 = 20А 
Хх, 05 
b) о = 500 87 
X, = oL = 500 x 5250 
1000 
{= 50 10. 244 
X 2.5 
с) œ = 1000 57 
X, = oL = 1000 x 5—50 
1000 
{= 50 s dU -224A 
R - 100, L = 0.4 Henry 
Е = 6.5 У, = на 
Z= JR? «X? = JR? +(2n/L)? 
Power = Vms Irms COS ф 
-g5x 99,R - 65х65х10 . 6.5х6.5х10 _ 6.5х6.5х10 
Z zZz 20 2 100+576 — 
| R? + (nfl) | 10? «(253 ход) 
T 
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2 
T E, - 12 V, в = 250 л, R- 1000 
H 26:42 
H- [dH - [23 Sin ай = 144 [ oin? ot dt = 1.44 | юш SOS 20h) yi 
b 100 
10-3 10-3 i 1 
= 144 [dt - [Cos2at at | = 0.72 10? - zd 
En E 3 0 
= 072 —1 1 |2(1-2).972 = 0.0002614 = 2.61 x 10^ J 
1000 500x| 1000л 
. К = 3000, C = 25 uF = 25 x 10°F, eo = 50 V, f-50Hz 
4 
GR a 1 _ 10 
oc 50., овур 25 
10^ Y 
Z= JR? (300)? = (300)? + (400)? = 500 
25 
(a) Peak current = —2 = 30 ОЛА 
7 500 


(b) Average Power dissipitated, = Ej, І. Cos ф 
Бо, Eo „В _ Eo? _ 50x50x300 _ 3 


- -3-15ө. 
“Уз dez Z 272 2x500x500 2 ч 





. Power = 55 М, Voltage = 110 V, Resistance = TP - 2 55 — = 2200 


frequency (f) = 50 Hz, @= 2nf = 2n x 50 = 100 л 
V 


Current in the circuit = 2 = 
Жо +m 110М---» 
: А VR 
Voltage drop across the resistor = ir = ——— 


R? + (oL)? a 20V — >» 





220х220 


= = 110 
(220)? + (1002)? 











= 220 x 2 = (220)? +(100nL)? = (220)? + (100nL)? = (440)? 

= 48400 + 10*л? L? = 193600 = 10*л2 L? = 193600 — 48400 
(2- 142500 = 1 4726 => L= 1.2135 = 1.2 Hz 

л“ x10 


. К=3000, C= 20 uF =20х 10°F 
L = 1 Henry, Е = 50% м= 50 н, 
n 


E 
(a) Ip = Эс 








2 
Z= JR? +(X, -XL = (зэр ats -2nft 





2 








2 
= |(300)? 4 1 eet 2 (300)? + 10" цор = 500 
21х50 «20 x 10-9 a 20 
T 
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(b) Potential across the capacitor = i; х X; = 0.1 х 500 = 50V 
Potential difference across the resistor = ig x К = 0.1 x 300 = 30V 
Potential difference across the inductor = i; x X, = 0.1 х 100 = 10V 
Rms. potential = 50 V 
Net sum of all potential drops = 50 V + 30V + 10 V = 90 V 
Sum or potential drops » R.M.S potential applied. 


15. R- 3000 
C = 20 uF = 20 x 10°F 
L= 1H, Z = 500 (from 14) 
£o = 50 V, „= Еа TA 
Z 500 


Electric Energy stored in Capacitor = (1/2) CV? = (1/2) х 20 x 10° х 50 х 50 = 25 х 10? Ј = 25 mJ 
Magnetic field energy stored in the coil = (1/2) L in = (1/2) x 1 x (0.1)? =5х 103} = 5 тЈ 
16. (a)For current to be maximum in a circuit 





X = Xe (Resonant Condition) 
> WL = 22. 
WC 
6 
> М? = т = 1 = 10 
LC  2x18x10 9 36 
3 3 
>W= 107 =» 2nf = 107 
6 6 
—f- 1000 = 26.537 Hz = 27 Hz 
6x2n 


(b) Maximum Current = = (in resonance and) 


= =E = 2, А= 2 тА 
10х10 10 
17. Ems = 24 V 
г=40, 1,.-6А 
= E = 24 -40 
I 6 


Internal Resistance =4 0 
Hence net resistance = 4 + 4 = 8 О 


-. Current = > = 1.5 А 














100 
18. V = 10 x 10° V T T 
R=1x10°Q Vi 40 nF Vo 
C=10x 10°F L L 
1 1 1 1 10^ 5000 
(а) Х, = = = = = = 
WC 2nfC  2nzx10x10?x10x10?  2лх10:5 2m n 
2 2 
28:18 IX = IN NES - фе (8m 
T T 
се о = М = 10х10-3 
в = But. c 
Z Z 2 
108 +( 200) 
T 





39.4 


Alternating Current 





1 1 1 1 10? 500 
(b) Xc = = = = = = 
WC 2rfC 2. 2nx10? 2л т 


2 
Z= \R2+X,2 = (sey = (89) 
Tt 











EX 
Ip = = 
EU (sey 
-3 
Vo = Ip X 10x10 О 21.6124 V = 1.6 mV 





ЫН 


"m 
хым 1 1 1 _ 10? _ 50 
“ WC 2 021х108 х10х10 21х10? 2 л 


ч nas TEC 











i \ - 10х10-3 
о = 
#0) 
6, 
43 
у= Өд О 20.16 mV 





(d) f = 10 MHz = 107 Hz 
MK же NES 1 - 1 _ 10 _ 5 
° WC 2л/С 21х10’ х10х10° 2лх10:! 2л m 


= Fx = hof (S) = rot (8) 











жос; 10х10-3 
ED MENT. 5v 
108 (8) 
T 
-3 
mp E Hei. SN ie ay 
T 


19. Transformer works upon the principle of induction which is only possible in 
case of AC. 
Hence when DC is supplied to it, the primary coil blocks the Current supplied 
to it and hence induced current supplied to it and hence induced Current in the — p, Sec 
secondary coil is zero. 


o he HN 
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ELECTROMAGNETIC WAVES 
CHAPTER - 40 
© dde _ eg EA 
dt dt 4л sgr? 





ML? T4A2 Y АТ" 9 L? 
МЕ ЗА? 2 T 
= (Current) (proved). 


= д! 





Е = uh [from coulomb’s law] 
х 


фе = ЕА = an 
X 


94; акд d _› 
E cL AGO 
dr “ах о ш 








| 

(n 
о 

х 





9 
> 








&А2 &2 
шд. d(Q -1 (9) 
0 7 €0 0 = 
dt dt(e; 2) 2\dt 
іа 


-ИВСү _ -t/RC _ Е БЕр 
——(ECe ) : ЕС 1 е Е е 
2 dt 2 RC 2R 


Е = Q (Electric field) 


єрА 














QA Q 
Дод &2 


2573: doe аго EJ 
lo = € =є0 = 
dt dti e 2 2\ dt 
B = Н 
=> H= B 
Но 
Eo  Bo/(up € C) _ 1 
Н, Во / шо © C 
" 1 
8.85 x10? x 3x10? 








ф= ЕА. = 








= 376.6 О = 377 О. 





1 1 
e; С ТО МЛО7Т3А2| ML? TSA? 
Eo = 810 V/m, Bo =? 
We know, Bo = lo €o C Eo 
Putting the values, 
Во = 47 х 107 x 8.85 x 10°” x 3 x 108 x 810 
= 27010.9 x 10? = 2.7 x 10° T 2 27 pT. 


Dimension 





= M'L^T?2A? = [R]. 
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В = (200 uT) Sin [(4 x 10? 5“) (t — x/C)] 
а) Во = 200 ит 
Eo = C x Bo 200 x 10? x 3x 10% 2 6 x 10° 
1 до (200х108)? _ 4x10? 1 


b) Average energy density = B - = 0.0159 = 0.016. 
) 5 i и " - 2x4nx107 Вах107 20m 





I2 2.5 x 10" W/m? 
We know, 15 Ta E*C 


> = А or Ey = a 
© C © С 











= 0.4339 x 10° = 4.33 x 10? Nic. 





-| 2x2.5x10"4 

8.85 x10712? x3x108 

Bo = po €o С Eo 
=4х3.14 x 107 x 8.854 x 10 7 x 3 x 10° x 4.33 x 10° = 1.44 T. 


Intensity of wave = ; € ESC 
€o = 8.85 x 107; E0 =? ; C 2 3x 10°, I = 1380 W/m? 
1380 = 1/2 x 8.85 x 107 x Е? x 3 x 10° 


y Ein 2x1380 | 

8.85х3х10- 

= Е = 10.195 x 10? = 1.02 х 10? 
Eo = BoC 


= 103.95 x 104 


3 
= Bo=E,/C = Lee = 3.398 х 10? = 3.4 x 10? T. 
3x10 


» 
» 
» 
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ELECTRIC CURRENT THROUGH GASES 
CHAPTER 41 


Let the two particles have charge 'q' 
Mass of electron m, = 9.1 x 10 ?' kg 
Mass of proton m, = 1.67 x 1027 kg 
Electric field be E 
Force experienced by Electron = qE 
ассіп. = qE/m, 
For time dt 
ЯВ ар Lat) 

e 
For the positive ion, 
EK 

x mp 
1 qE 


= oy Ез edt? ...(2 
" 2'4xm,- e 


асс. = 


N 


4m 
Se "№ = 7340.6 
S, m, 
E-5Kv/m-25x10? мт; {= 1 4$ = 1 х 10$ $ 
Е = дЕ = 1.6 х 10° х 5 х 10° 
2 qE 1.6х5х10:9 
m 9.1х 10:57 
а) $ = distance travelled 





= зас - 439.56 m - 440m 


р) d=1mm=1x10°m 


1 1.6x5 
х 


1х107-- F 10° xt? 





N 


9.1 


ё = балы = {= 1.508 x 10? sec = 1.5 ns. 
OX 


Let the mean free path be 'L' and pressure be 'P' 
L « 1/p for L = half of the tube length, P = 0.02 mm of Hg 
As “Р” becomes half, ‘L’ doubles, that is the whole tube is filled with Crook’s dark space. 
Hence the required pressure = 0.02/2 = 0.01 m of Hg. 
V = f(Pd) 
Vs Ps а; 
м =P, d, 
Vs Ps ds 100 10 | imm 
м Ра 100 20 х 


= х=1 тт / 2 = 0.5 тт 














i=neorn=i/e 
'e' is same in all cases. 
We know, 
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Electric current through gases 





i= AST? е $2452eV, К = 1.38 x 10-23 J/k 


п(1000) = As х (1000)? х g 452«1.6x10 7? 1.3810 74000 
= 1.7396 x 107" 














a) Т = 300 К 
МТ) | AS x (300) x e 452x1.6x10 7? /1.38х10723 300 БЭЭ 
n(1000K) AS x1.7396 x 1077 
b) T-2000K 
(Т) | AS x (2000)? x e451 .6х10-19 /1.38х10723 2000 КРУГ 
n(1000K) AS x1.7396 x107" 
c) Т= 3000K 
-19 -23 
n(T) Е AS х (3000)? xe 452x1.6x10 /1.38x10 ^ x3000 Z б 7 109 
n(1000K) AS x1.7396 107" 
i = AST? UT 
lys i; = 100 mA 
А, = 60 x 104 A; = 3 x 10^ 
S,=S 5,= 8 
Т; = 2000 Т, = 2000 
$1 = 4.5 eV ф = 2.6 eV 
К = 1.38 x 10” J/k 
—4.5х1.6х10719 
i = (60 x 10^) (S) х (2000)? е?'38х1072 2000 
-2.6х1.6х10779 
100 = (3 х 10^) (S) х (2000)? e:3810 75«2000 
Dividing the equation 
КИЕ 50) 
100 
> 220xe!9* = | 20 0.000016 
100 100 
=> i = 20 х 0.0016 = 0.0329 тА = 33 uA 
Pure tungsten Thoriated tungsten 
ф= 4.5 eV ф= 2.6 eV 
A = 60 х 10° A/m? – К A 2 3 x 10* A/m? - К 
i = AST?’ eT 


ithoriated Tungsten = 5000 itungsten 
-4.5х1.6х10719 

So, 5000 х S х 60 х 107 х T? x e 136107 

-2.65х1.6х10719 
> 8x3x10* x T? x е 1380107 

-4.5х1.6х10719 -2.6551.6х10719 

3х 108 х е 1:38х7х1023 = е 138x010? > з у 104 
Taking 'In' 
— 9.21 T = 220.29 
= T = 22029 / 9.21 = 2391.856 К 
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10. 


11. 


12. 


i = AST? e */KT 

i = AST? eT 

| T2 ет 

Г Тек 
2 2 

gle (= e-t KTHKT _ (= gT -e/KT 
T T 


2 4.5х1.6х10719 


-1-(2200) е таваг ( 1 5) - 0.8690 





Г (2010 2010 2000 
ME =1.1495 = 1.14 

' 0.8699 
А = 60 x 10^ A/m? — к? 
ф= 4.5 eV o =6 x 10 8 o/m* - К“ 
$=2х 10° т? K = 1.38 x 10-3 J/K 
Н = 24 0 


The Cathode acts as a black боду, i.e. emissivity = 1 

-. E2 c AT^ (Ais area) 

оёно Эх 2A _ = 9x 10" = 20 «10k 
oA 6х10% х2х107 

= Т = 2.1147 х 10° = 2114.7 К 


Now,i = АЗТ? е ?/KT 





=6 х 10° х2 х 10° х (2114.7)? х e 138107 
= 1.03456 x 10^ A = 1 тА 

i= Сур? (1) 

= dip = С 3/2 М'Э-1ду, 


di 3 
> a ee ...(2) 
р 


Dividing (2) and (1) 
i di,  3/2CVj7 
р dv, CVp?’? 





UMS 
i dv, 2V 
dv, 2V 


й 3i 


р -260 ире 


3, 3x10x10? 





For plate current 20 mA, we find the voltage 50 V ог 60 V. 


Hence it acts as the saturation current. Therefore for the same temperature, the plate current is 20 mA 
for all other values of voltage. 


Hence the required answer is 20 mA. 
P=1W,p=? 
Vp = 36 V, V, =49V, Р = l5 V, 
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13. 


14. 


15. 


16. 


17. 


V, 36 
lp dc (Vp)? 

5 Е (мур? 

| (V, pus 
[^ м 


1/36 2 
= 2 


Р 1 
—l-2— 








M 49 
1 2. I, 2 0.4411 
36, 49 7 
Р’ = 1 = 49 x 0.4411 = 2.1613 W = 2.2 W 
Amplification factor for triode value 














_ Charge in Plate Voltage _ 5V, 





x Charge in Grid Voltage — àV, 
= 250 228 25 425 |. бур = 250 — 225, 8Vg - 2.5 — 0.5] 
2.5-0.5 2 


rp =2KQ=2x10°Q 
Jm = 2 milli mho = 2 x 10? mho 
н =гух Gm 22x10 x2x10?-24 Amplification factor is 4. 
Dynamic Plate Resistance г, = 10 KO = 10 О 
dlp =? 
dV, = 220 – 220 = 20V 
dlp = (Vp / гр) / Vg = constant. 
= 20/10* = 0.002 A= 2 mA 
ЕЗ 
Гр = | —- | at constant V, 
ol, 
Consider the two points on V, - —6 line 
(240-160)V 8 


гр= == 0 1030 = 8КО 
(13-3)x10°A 10 





8, - 
m= | — |v, = constan 
987: Bas) 


Considering the points on 200 V line, 
_ (13-3)x10° тэг 10x10? 





Om =2.5 milli mho 
[(-4) +(-8)] 4 
u = хот 
=8 x 100 х 2.5 х 10° Q7 =8х1.5 = 20 
а) r, = 8 КО = 80000 


dV, = 48V dlp =? 

dlp = (Vp / гр) / Vg = constant. 

So, dl, = 48 / 8000 = 0.006 A = 6 mA 
b) Now, V, is constant. 

dlp = 6 mA = 0.006 A 
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18. 


19. 


20. 


gn = 0.0025 mho 
б6У, = (61, / Gm) / Vp = constant. 





_ 0.006 
7 0.0025 | 

г, = 10 КО = 10х 10° Q 

н = 20 V, = 250 V 

V =-7.5V lp = 10 тА 


él, 
а) Qm= | |V, = constant 
oV, 


8l -3 -3 
SINE р _ 15x10? -10x10 
Om H/D 





-3 
эш” в 26 
20/10x10? 2 


'g=42.5-7.5=-5V 





V, 
b) rp; = | — | Vg = constnant 
ol, 
eV, 
= 10 = P 


© (15x10? 10х10) 
=> ôV, = 10* х 5 х 10° = 50У 
М, № = 50 > М = —50 + V, = 200 V 
V, = 250 V, V, = —20 V 
а) ip 2 41(V, + 7V) ^ 
= 41(250 — 140)'*" = 41 x (110)'^' = 30984 uA = 30 mA 
b) ip = 41(V, + 7\ 1" 
Differentiating, 
di, = 41 x 1.41 x (Vp + 7Vg)°*" x (dV, + 7dV) 


dV, 
Now гр = w. "s = constant. 


Ip 


dV, 1x10° 


or = 
di, | 41x1.41x1109^' 





c) From above, 
dl, = 41 x 1.41 x 6.87 x 7 d Vg 


di 
Om = = = 41 х 1.41 x 6.87 x 7 u mho 
dV, 


= 2780 и mho = 2.78 milli mho. 
Amplification factor 
н = rp X Om = 2.5 x 10° х 2.78 x 10? = 6.95 2 7 
ip = K(Vg + Vol)?” 211) 
Diff. the equation : 

dip = К 3/2 (V, + Vu)? d Vg 


| 1/2 
Msc: Зк V + Vo 
аў 2% n 


а 


— 








= 10° x 2.51 x 10? = 2.5 x 10 = 2.5 KO 
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21. 


22. 


=> gm = 3/2 К (Vg + \/у/н) ...(2) 

From (1) ip = [3/2 К (Vg + Vu)" | х 8/K? 27 

=> ip = К (Jm)? — Im « 34i 

Гр = 20 KO = Plate Resistance 

Mutual conductance = gm = 2.0 milli mho = 2 x 10? mho 
Amplification factor и = 30 

Load Resistance = К =? 











We know 
A= —№ where А = voltage amplification factor 
r 
142 
в 
г 
> А = ыы where u 
1+ —- 
в 
3 -3 
= зо = 20x10 x2x10 ENT AR, 
1+ 20000 R, +20000 





В 
= ЗВ, + 60000 = 4 В, 
= В = 60000 2 = 60 КО 
u 





Voltage gain = 
p 
Ri 
When А = 10, RL = 4 KO 
3 
10 = — № 10= EE 
tp 4x10? +r, 
4x10° 
= 40 х 10° x 10r, = 4 x 10° н 2.(1) 
when А = 12, В, =8 КО 
2- ux8x10° 
tp 8x10? +4, 
8x10? 
= 96 x 10° + 121г. = 8 х 10° ц ...(2) 


1+ 








1+ 





12 = H 
1+ 











Multiplying (2) in equation (1) and equating with equation (2) 


2(40 x 10? + 10 rp) = 96 x 10+3 + 12r, 
> ї.-2х100-2КО 
Putting the value in equation (1) 
40 x 10° + 10(2 x 10%) 2 4 x 103 p 
= 40 x 10° + 20 х 103) = 4 х 10% п 
=> и = 60/4 = 15 


> 
> 
> 
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PHOTO ELECTRIC EFFECT AND WAVE PARTICLE QUALITY 


CHAPTER 42 
24 = 400 nm to л = 780 nm 
E-hv- е h = 6.63 x 107 j - s, c = 3 x 10° m/s, 41 = 400 nm, А = 780 nm 


_ 6.63x10 х3х108 6.63х3 
400 x 10? 4 
Е. = 6.63х3 


2 


Е, х 1019 = 5 х 10?) 








х10719 = 2.55 х 10? Ј 


So, the range is 5 x 10? J to 2.55 х 10°? J. 

À = h/p 

> РЕНА = в J-S = 1.326 x 10” = 1.33 x 10 7" kg — m/s. 
500 x 107 

М = 500 nm = 500 x 10 ?m, Az = 700 nm = 700 x 10? m 

Е, — E; = Energy absorbed by the atom іп the process. = hc [1/14 — 1/52] 

= 6.63 x 3[1/5 — 1/7] x 107" = 1.136 x 10? J 

P-10W ..Ein1sec=10J 90 used to convert into photon = 60% 

.. Energy used = 6 J 


6.63x10?'x3x10? 6.633 











Energy used to take out 1 photon = hc/A = © x10717 
590 x107 590 
No. of photons used = S — 8990 чит 176.9х107 = 1.77 x 10 
6.63x3 х1077 6.63х3 
590 
a) Here intensity = | = 1.4 x 10? w/m? Intensity, 1 = POWYS! = 4 4 x 103 лт? 
a 
Let no.of photons/sec emitted = n -. Power = Energy emitted/sec = nhc/A = P 


No.of photons/m? = nhc/A = intensity 
_ intensityxX _ 1.9х103 x5x10? 
|^» He 6.63 x 10-7 x 3x 108 
Consider no.of two parts at a distance r and r * dr from the source. 
The time interval ‘dt’ in which the photon travel from one point to another = dv/e = dt. 
dr 
Сс 


These points will be present between two spherical shells of radii ‘г and гааг. It is the distance of the 
point from the sources. No.of photons per volume in the shell 


N Rd 1 _ pa 

224 hc?  4mr?ch 4лһс2г^ 

In the case = 1.5 x 10" m, à = 500 пт, = 500 x 10? m 
P PA 

4nr Anr? hc? 


= 3.5 x10?! 





b 


— 


In this time the total no.of photons emitted = N = n dt = (=) 
c 


= 
a 
= 





(r+r+dr)= 








5 =1.4 x10?, ». No.of photons/m® = 
500x107? 
6.63x10 7^ x 3x10? 
No.of photons = (No.of photons/sec/m?) x Area 

= (3.5 x 107) x 4лг” 
= 3.5 x 10! x 4(3.14)(1.5 x 10")? = 9.9 x 105. 


214 x 10° x -12х10" 





Cc 


ме 
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10. 


Photo Electric Effect and Wave Particle Quality 


à. = 663 x 10° т, 0 = 60°, n = 1 x 10%, à = h/p 

= Р = р^ = 10-7 

Force exerted on the wall = n(mv cos 0 —(-ту cos 0)) = 2n mv cos Ө. 
=2х1х 109 х 107 x 21x10? М. 





Power = 10 W P — Momentum 
.h n preti or ms 
p À t àt 
E= ne or, EE Power (W) 
3, t At 


W = Pc/t ог, РА = М/с = force. 
or Force = 7/10 (absorbed) + 2 x 3/10 (reflected) 
7 М з W 7 10 3 10 
E x 2x x > x 2x x 
10 C 10 C 10 3x10? 10 3x10? 


= 13/3 x 10? = 4.33 x 10? №. 





т = 209 
The weight of the mirror is balanced. Thus force exerted by the photons is equal to weight 
h hc 


Е = — =РС 
A 


Р-- 
À 
ЕРЕ 
t t 
> Rate of change of momentum = Power/C 

3096 of light passes through the lens. 

Thus it exerts force. 70% is reflected. 
. Force exerted = 2(rate of change of momentum) 

= 2 x Power/C 


aos 2*Fower ) эг 


-3 8 
сал оцарг LA M x10 уг 100 MW. 
х 





Power - 100 МУ 

Radius = 20 cm 

60% is converted to light = 60 w 
power 60 
velocity 3x10? 


force — 2x107 — 1 . 
area 4x3.14x(0.2)? 8x3.14 
= 0.039 x 10° = 3.9 x 107 = 4 x 10” Nim’. 


Now, Force = 22x10^N. 





Pressure = 10° 





We know, 


60° 


If a perfectly reflecting solid sphere of radius ‘г’ is kept in the path of a parallel beam of light of large 


aperture if intensity is 1, 
Force = ar 
С 
| = 0.5 Wim’, г = 1 ст, C = 3 x 10° m/s 
пх (1)? х0.5 3.14x0.5 
3x10? 3x10? 
= 0.523 x 10° = 5.2 x 10? М. 


Рогсе = 





“ААА 
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11. 


12. 


13. 


14. 


15. 


16. 


For a perfectly reflecting solid sphere of radius 'r' kept in the path of a parallel beam of light of large 
2 

aperture with intensity ‘Г, force exerted = 353 

If the i undergoes an elastic collision with a photon. Then applying energy conservation to this collision. 

We get, hC/A + moc? = me? 

and applying conservation of momentum Һ/А = mv 

Mo 

V1- v? /с2 

from above equation it can be easily shown that 

V=C or V=0 

both of these results have no physical meaning hence it is not possible for a photon to be completely 

absorbed by a free electron. 


Mass of e = m= 


r=1m 
ка’ Ка? 
Energy = —— = — 
9y R 1 
2 
Now, Ка = hc огл, = hc 
1 à kq? 


For тах ‘i’, ‘а’ should be min, 
For minimum ‘е’ = 1.6 x 10 С 
Max л = эс = 0.863 х 10? = 863 m. 
kq 
6.63 x3 x104 x10? 863 


For next smaller wavelength = 5 5 = = 215.74 т 
9x10* x(1.6x2) x107 4 





^. = 350 nn = 350 x 10? m 
ф= 1.9 е\ 
Max KE of electrons = ne ф- 6.63 x10 * x3 x10° 1.9 
А 350 x10? х1.6 х107'9 
= 1.65 ev = 1.6 ev. 
Wo = 2.5 x 10? J 
а) We know Wp = hvo 
_ № 25x10? 
Vo = = 
h 6.63х10-% 
b) eVo = hv - Wo 
һу = М  6.63x10?* x6x10'^ —2.5 «10-19 
e 1.6 х107'9 
ф= 4еУ=4х 1.6 х 107" J 
а) Threshold wavelength = л. 








= 3.77х 10'* Hz = 3.8 x 10 Hz 





= 0.91 \ 





ог, Vo = 





ф = hc/. 
-34 8 -21 
Seas hC _ 6.63 x10 30р _ 6.63х3 10 : -31х107т = 310 nm. 
ф 4x1.6x10^ 6.4 10^ 
b) Stopping potential is 2.5 V 
Е =ф+е\/ 


= heh = 4х 1.6 х 10 ? + 1.6 x 10°? x 2.5 
‚ _ 663109“ x3 x10° 
%х1.6 1019 
6.63 x3 x108 
1.6х10`'9 x6.5 


=4+2.5 





= 1.9125 х 1077 = 190 nm. 
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17. Energy of photoelectron 


hc 2 4.14 x 10705 x 3 x 10? 


> тм = 3 Wo 205 2.5ev - 0.605 ev. 
x 





2 
We know КЕ = С— = Р? = 2m х KE. 
2m 


р2=2 х 9.1 х 1073! х 0.605 x 1.6 x 107? 
Р = 4.197 х 10 ? kg — m/s 
18. 4 = 400 пт 400 x 10? m 
Vo =1.1V 
hc hc 
— = — че 
Jo 40 
6.63x107* x3x10? 6.63 x10 x 3x10? 
400 x10? М 


_ 19.89 x 10 ?8 
= ———— + 
0 


-26 
— 1889x107? _ 4 55 176-321 


№ 
_ 19.8910 75 
3.21 
When 2 = 350, V, = 1.45 
and when A = 400, V; = 1 


hc 
ла W + 1.45 440) Stopping 
potential 


-1.6х10:9 х 1.1 





=> 4.97 1.76 


= № = 6.196 х 10 т = 620 nm. 


19. а 


— 


and P9 - wa 4 442) 
00 


4 1А > 
Subtracting (2) from (1) and solving to get the value of h we get 


h = 4.2 x 10? ev-sec 


b) Now work function = w = T =ev-s 


— 


= 1299 (ab = 2.15 ev. 
350 
. hc hc 
c) м= > = "here cathod = ——~ 
w 
_ 1240 
2.15 
20. The electric field becomes 0 1.2 x 10*° times per second. 
1.2х1075 


2 


= 576.8 nm. 


. Frequency = = 0.6 x 10" 


hv = ф + КЕ 
=> һу-ф = KE 
_ 6.63x10 x0.6 x10"° 
1.6х10:9 
= 0.482 ev = 0.48 ev. 
21. Е = Е, sin[(1.57 x 10’ m^) (x – с] 
W = 1.57 x 10 x C 


— KE 
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22. 


23. 


24. 


25. 


_ 1.57х10' x 3x10? 
В 2л 
Now eV; = hv - Wo 
= 4.14 x 107° х 1.57х3х10° 49 ev 
2n 
= 3.105 — 1.9 = 1.205 ev 
1.205 x1.6 x 1077? 


So, Vo = = 1.205 V. 
: 1.6x10-9 


>f 








Е = 100 sin[(3 x 10? s yt] sin [6 x 10? s *)r 


Hz Wo = 1.9 ev 


= 100 % [cos[(9 x 10? s ')t] – cos [3 x 10° s y] 


The w are 9 х 10' апаз x 10? 
for largest K.E. 
LM aen 9x10" 

1 2т 7 2т 
Е-ф= К.Е. 
=> М-ф=К.Е. 

6.63 x107% х9х1015 

2nx1.6 x107 
— KE - 3.938 ev - 3.93 ev. 
Wo hv - evo 








fmax 


2=KE 





_ 5x10? 

8x10" 
= 6.25 х 107" —3.2 x 10? = 3.05 x 107° J 
_ 3.05 х107'9 _ 


We have to take two cases : 
Case |... Vo = 1.656 
v=5 x10" Hz 
Case ll... vọ=0 
v=1x 10" Hz 
We know ; 
а) ev, =Пу- м, 
1.656e =h x 5 x 10" -wo ...(1) 
0 = 5h x 10 — 5wo ...(2) 
1.656е = 4wo 
> Мо = ЕС еу = 0.414 еу 
b) Putting value of wo in equation (2) 
=> 5wo = 5h x 10" 
=> 5х0.414 = 5 x h x 10" 
=> h= 4.414 х 1077 ev-s 
Wo 7 0.6 ev 
For Wo to be min ‘A’ becomes maximum. 


hc hc _ 6.63x10™ x3x10° 








Wo = ОГА = 
dE Wo 0.6х1.6х10:9 


= 20.71 x 10°’ т = 2071 nm 


-1.6 х107'9 x2 (Given Vo = 2V, No. of photons = 8 х 107, Power = 5 mW) 





V (in volts) 
2 
1.656 --------- z 
PM. 
1 eti | 
27 | 
eoe 
1 2 3 4 5 
v(in 10'^ Hz) 
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26. 4 =400 пт, P2 5 м 


E of 1 photon = цав (22 еу 
À 400 
5 5x400 





No.of electrons 5 = 
Energy of 1 photon 1.6 х10-'9 x1242 


No.of electrons = 1 per 109 photon. 
5 x 400 
1.6 x1242 x10 ?? x109 
Photo electric current = 2 сы 316x107? = 1.6 x 10®А = 1.6 pA. 
1.6x1242 x10 x107 


27. 42 200 пт = 2x 107 m 


—34 8 
E of one photon = 5 дусааж 9.945 х 1077 


2x107 


zT ИИ 
к 1 x 10! no.s 
9.945 x 10779 


No.of photoelectrons emitted = 











No.of photons = 





x10" 
4 


Hence, No.of photo electrons = ! -1х10! 


Net amount of positive charge 'q' developed due to the outgoing electrons 
= 1х 10° х 1.6 x 10? = 1.6 x 107 С. 

Now potential developed at the centre as well as at the surface due to these charger 
.Kq 9x10?x1.6x107 

r 4.8х10-2 
28. фо = 2.39 eV 

24 = 400 nm, А = 600 nm 

for B to the minimum energy should be maximum 

^. A should be minimum. 


=3x10'V=0.3V. 





E- 8-0, = 3.105 — 2.39 = 0.715 eV. 10 ст D 


The presence of magnetic field will bend the beam there will be no current if 


the electron does not reach the other plates. 
mv 


ES 


9 


2m 
qB 





>re 





Е 42x9.1x1031 1.6 10-19 x 0.715 
i 1.6x107? xB 

> B=2.85x10°T 
29. Given: fringe width, 


= 0 











у = 1.0 mm x 2 = 2.0 mm, D = 0.24 mm, Wo; = 2.2 ev, = 1.2 т B | 
А 
-2D в — S 
d A | 
yd 2x10?x0.24x10? i | 
ог, à = = Е = 4х 107 т 
р 1.2 
-15 8 

g= he 414х10 x3x10 = 3.105 ev 

À 4x10 


Stopping potential eVo = 3.105 — 2.2 = 0.905 V 
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30. 


31. 


32. 


33. 


ф = 4.5 eV, X = 200 nm 
Stopping potential or energy = Е — ф = Ын -9 
Minimum 1.7 V is necessary to stop the electron 
The minimum К.Е. = 2eV 
[Since the electric potential of 2 V is reqd. to accelerate the electron to reach the plates] 
the maximum К.Е. = (2+1, 7)ev = 3.7 ev. 
Given 
c = 1 x 10? стг, Wo (С.) = 1.9 eV, d = 20 cm = 0.20 m, à = 400 nm 
we know — Electric potential due to a charged plate = V = E xd 
Where E — elelctric field due to the charged plate = o/Eo 
d — Separation between the plates. 











-9 
у= ©ха=— i0 520 — _ 59 598 V = 22.6 

Ey; ^ 885x10 7:100 

-15 8 
ТЭВЧ pe ке 
7 4х107 

= 3.105 — 1.9 = 1.205 ev 

or, Мо = 1.205 V 


As Vo is much less than 'V' 

Hence the minimum energy required to reach the charged plate must be = 22.6 eV 

For maximum KE, the V must be an accelerating one. 

Hence max KE = V, + V = 1.205 + 22.6 = 23.8005 ev 

Here electric field of metal plate = E = P/E, 

_ 1x107" 

7 8.85x10? 

accl. de = ф = qE / m 
_ 1.6х107'9 x113 

9.1х1077 


pe УУ N2x20x107? _ 


Зил = 1.41 x 1077 sec 
E х 


= 113 v/m 


= 19.87 x 10? Metal plate 
у = 20 ст 





К.Е. = w =1.2eV 


= 1.2 x 1.6 x 10? J [because in previous problem i.e. in problem 31 : KE = 1.2 ev] 


_ У2КЕ 4/2х12х16х10:9 

м 4.1107 

. Horizontal displacement = V, x t 
= 0.655 x 10 x 1.4 x 107 = 0.092 m = 9.2 cm. 

When A = 250 nm 





у = 0.665 x 107 





Energy of photon = е = май 4.96 ву 
A 250 
hc 
. К.Е. = зоон = 4.96 — 1.9 ev = 3.06 ev. 
Velocity to be non positive for each photo electron 


The minimum value of velocity of plate should be = velocity of photo electron 
. Velocity of photo electron = J2KE/m 





42.7 


Photo Electric Effect and Wave Particle Quality 








-19 
= [86 = 3.06 x1-6x10" = 4.04 x 105 m/sec. 
9.1x 1077 9.1x10 ?' 


34. Work function = $, distance = d 
The particle will move in a circle 
When the stopping potential is equal to the potential due to the singly charged ion at that point. 

















hc 
eVo = —- 
CS ф 
hc 1 ke hc 1 
> Vo= zs - 
: Ё +): 2d б +): 
Ke? hc pots Ke? оф Ke +24 
24 А » 2 ^o. 2d 
hc 2d 2hcd 8nzghcd 
=> = 2 = = 5 2 
Ке? +29 1 +296 9 + 8meqdd 
4nee* 
35. a) When A = 400 nm 
Energy of photon = he. 1240. = 3.1 eV 
400 


This energy given to electron 

But for the first collision energy lost = 3.1 ev x 10% = 0.31 ev 

for second collision energy lost = 3.1 ev x 10% = 0.31 ev 

Total energy lost the two collision = 0.31 + 0.31 = 0.62 ev 

K.E. of photon electron when it comes out of metal 

= hc/A — work function — Energy lost due to collision 

= 3.1 ev 2.2 - 0.62 = 0.31 ev 

For the 3" collision the energy lost = 0.31 ev 

Which just equative the KE lost in the 3" collision electron. It just comes out of the metal 
Hence in the fourth collision electron becomes unable to come out of the metal 
Hence maximum number of collision = 4. 


b 


— 


» 
» 
» 
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BOHR'S THEORY AND PHYSICS OF ATOM 
CHAPTER 43 


fe Ge eoh? _ A?T*(MPT?? MLT? `E 
nme? LMLTÊM(AT? MLT? 
лао has dimensions of length. 
2. Weknow, X =1/^ = 1.1 x 10! x (1/2 — 1/n?) 
а) п; = 2, пз = 3 
or, 1/4 = 1.1 x 10’ х (1/4 — 1/9) 
_ . 86 
5x1.1x10" 
b) п. =4, п2=5 
X 24IX =1.1х 10 (1/16 — 1/25) 


ог, = A 25 40.404 х 107” m = 4040.4 nm 


1.1x10 x9 
for = 1.097 х 10’, 4 = 4050 nm 
с) п, = 9, n2 = 10 
1/9. = 1.1 x 10 (1/81 — 1/100) 


or, А a Ой. = 387.5598 х 10°’ = 38755.9 nm 
19x1.1x10 
for = 1.097 х 10^; à = 38861.9 nm 
3. Small wave length is emitted i.e. longest energy 


nı = 1, N2 = © 


1 1 
а) —=R|——; 
x En] 


— terna (i-t) 
je 1 





or, А = 6.54 x 10°’ = 654 nm 





oo 
х= 1 = 1407 = 0.909 x 107 = 90.9 x 102 = 91 nm. 
1.1x107 1.1 
b) T WR 2 5 
А ny = 2 
1 _ 91 пт 


> А = = 
1.1x107 z? 4 


c) T ZR "E, 5 
А ny = 2 


d ши nm 
7 9 


-23nm 








> А = 





4 
ВҺСе2 
Те = 9.1 x 10?! kg, e = 1.6 x 10 с, h = 6.63 х 107^ J-S, С = 3 108 m/s, so = 8.85 x 1077 
9.1ж10-31 x (1.6 x10719 ^ 
8 x (6.63 x10)? x 3x10? x (8.85x10 72? 
5. п. =2, пП2 = о 


_ -13.6 -13.6 1 1 
Ea заг 


2 2 
п n2 1 № 


= 13.6 (1/® — 1/4) = —13.6/4 = –3.4 eV 


4. Rydberg’s constant = 





or, R= = 1.097 x 10’ m^ 
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soh^n? _ 0.5302 a 











a) n=1,r= 
) nmZe? Z 
2 0.53 x1 = 0.265 A^ 
2 
2 
Ке -13.62 BO ганг аад 
n 1 
b) n=4,r= 223518 адал 
g= 213:0х4 ода 
164 
d mnmedg;re 22225100 565д 
= 213854 = 0.544 A 
100 


As the light emitted lies in ultraviolet range the line lies in hyman series. 


igs 
А n nj 
1 2714 x 40" (1/1? — 1/n°) 








> ват 
102.5x10° 
9 2 
=> 0 44x10 (121/02) > 29 
102.5 102.5 
1 100 1.. 1-100 
nj 1025x1.1 п? 102.5х1.1 


> п = 2.97 = З. 
а) First excitation potential of 

Не” = 10.2 х 22 = 10.2 x 4 = 40.8 V 
b) lonization potential of 147” 

= 13.6 V х z? = 13.6 х 9 = 122.4 V 
П; = 4 П2 = 2 
П; = 4532 


=1.097 x10" (7-7) 
16 4 


7 
=1.097 x10" 4) = 1.097 x107 х3 
16 16 





— 


>12 эрә 


_ 16x107 

7 3x1.097 
= 1.861 x 10? = 487 nm 
п, = 4 апа п =3 


> = 4.8617 x 1077 


1.097107 (7-7) 
16 9 





d 1.097 x10" x7 
> > 


1.097 «10"[ 
144 144 
" 144 

7 x1.097 x10" 
ni-3ons2-2 


1.10910 [1-1] 
"n 9 4 


> = 1875 пт 


=1.1x107(1-1/n3) 
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10. 


11. 


12. 


13. 


14. 


15. 








7 
23 421.097 to (422) - 10979 x5 
3, 36 66 
-7 
= 36x10" . 656 nm 
5x1.097 
à = 228 A? 
-34 8 
E= 1С. 663x10% x310 _ 0.0872 x 10° 
3, 228 10" 


The transition takes place form n = 1 ton = 2 
Now, ex. 13.6 x 3/4 x 2° = 0.0872 х 1077 


52 = 00872x107^ x4 
13.6x3x1.6x10 7? 
z= V5.3 =2.3 


The ion may be Helium. 





PERSON 
4л? 
[Smallest dist. Between the electron and nucleus іп the radius of first Bohrs orbit] 
(1.6 x10-'?)x (1.610719) x9 x 10° 
(0.53 10-19)? 


a) From the energy data we see that the H atom transists from binding energy of 0.85 ev to exitation 
energy of 10.2 ev = Binding Energy of —3.4 ev. 





-82.02x10?28.202x 10° = 8.2 х 10? N 


So,n=4ton=2 —0.85 eV 

b) We know = 1/X = 1.097 х 107 (1/4 — 1/16) -1.5 eV 

16 2 -3.4 eV 
15------- = 4.8617 x 10^ = 487 nm. AS dat 


© 1.097 x3 x10" 
The second wavelength is from Balmer to hyman i.e. from п = 2 ton = 1 
n,=2ton,=1 


db. 
a n? d 


> 1 =1.09710" (5-5) = 1.097 «107[ 7-1] 
3 22-25 4 


А M ЕГУ 2) 
1.097х3 
= 1.215 х 10`' = 121.5 х 10° = 122 nm. 
-13.6 


Energy atn = 6, Е = E — =-0.3777777 


Energy in groundstate = —13.6 eV 

Energy emitted in Second transition = —13.6 —(0.37777 + 1.13) 
= —12.09 = 12.1 eV 

b) Energy in the intermediate state = 1.13 ev + 0.0377777 


13.6х22 13.6 


= 1.507777 = ———— = —— 
n? n? 


ог, п = 196: =3.03=3=n. 

1.507 
The potential energy of a hydrogen atom is zero in ground state. 
An electron is board to the nucleus with energy 13.6 ev., 
Show we have to give energy of 13.6 ev. To cancel that energy. 
Then additional 10.2 ev. is required to attain first excited state. 


Total energy of an atom in the first excited state is = 13.6 ev. + 10.2 ev. = 23.8 ev. 
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16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Energy in ground state is the energy acquired in the transition of 2" excited state to ground state. 


Аз 2" excited state is taken as zero level. 
hc 4.14x10 5 х3х108 1242 











Е- 9 - 27 ev. 

№ 46x107 46 
Again energy in the first excited state 

-15 8 

E- he _ 4.14x10 "x3x107 — jog 

№ 103.5 
a) The gas етй$ 6 wavelengths, let it be in nth excited state. 

=> шэн. -6—n-4 . The gas is in 4" excited state. 
: TENE n(n – 1) 
b) Total no.of wavelengths in the transition is 6. We have 2 =6>n=4 
а) We know, mv r= nh >mrw= ИШ — М = le 
2n 2n 2nxmxr 


-34 
" 1x 6.63 x 10 = 0.413 x 10" rad/s = 4.13 x 107 rad/s. 


7 2x3.14x9.1x10 x (0.53)? x 10-29 





The range of Balmer series is 656.3 nm to 365 nm. It can resolve à and A + AX. ЦЭЛ = 8000. 


7. No.of wavelengths in the range = ВЕ 36 
8000 


Total no.of lines 36 + 2 = 38 [extra two is for first and last wavelength] 
а) п. = 1, n2 = 3, Е = 13.6 (1/1 — 1/9) = 13.6 x 8/9 = hc/X. 


-15 8 -7 
13.6х8  4.14x10 "x3x10 p 2:14x3x10 = 4.027 x 107 = 103 nm. 








or, 
9 3, 13.6х8 
b) As ‘п’ changes by 2, we may consider n = 2 ton = 4 
1242 


then E = 13.6 x (1/4 — 1/16) = 2.55 ev and 2.55 = or À = 487 nm. 





НЭР M, 
Frequency of the revolution in the ground state is —2— 
To 


[ro = radius of ground state, \ = velocity in the ground state] 
-. Frequency of radiation emitted is “Ма: -1 

Tp 
С2тгу 


0 


г C=f >A =Cf= 


E Eu - 45.686 nm - 45.7 nm. 
0 


КЕ = 3/2 KT = 1.5 KT, К = 8.62 x 107 eV/k, Binding Energy = —13.6 (1/о — 1/1) = 13.6 eV. 


According to the question, 1.5 KT = 13.6 
> 1.5 x 8.62 x 10? x T = 13.6 
э Т= ВЕБЕ. ыа 1.05 x 105 К 
1.5x8.62x10 
No, because the molecule exists ап H5' which is impossible. 
К = 8.62 x 10? eV/k 
К.Е. of H2 molecules = 3/2 KT 
Energy released, when atom goes from ground state to no = 3 
=> 13.6 (1/1 – 1/9) = 3/2 КТ = 13.6(1/1 — 1/9) 
=> 3/2 х 8.62 х 10^ T = TEM 


=> Т = 0.9349 х 10° = 9.349 x 10* = 9.4 х 10^ К. 
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24. 


25. 


26. 


2T. 


28. 


n=2,T=10°s 
Frequency = _ те" 
4є2017 


So, time period = 1/f = 


4co?n?h? ET 4x(8.85y? x 23 x (6.63? Ё 10 -10710 





me^ 9.1х (1.6) 
= 12247.735 x 10? sec. 
сс 10-5 5 
No.of revolutions = = 8.16 x 10 





12247.735 x10? 
= 8.2 x 10° revolution. 
Dipole moment (u) 
= niA=1xq/tA=qfA 
: me^ Ж me? x (rn?) 
4cgh?n? деп? 
(9.1х10731)(1.6 х10-'9 x nx (0.53)? x 10729 х1 
4x(8.85x10 1? (6.64 x10 7^ y (1? 
0.0009176 x 107° = 9.176 х 10” A - т". 


x (поп?) 





ехте“ x лг2п? 


Magnetic Dipole moment = п ТА = 
4cch?n? 


nh 
Angular momentum = mvr = - 
Tt 


1 0776 


Since the ratio of magnetic dipole moment and angular momentum is independent of Z. 


Hence it is an universal constant. 


5 2.2 
2 ехтхлг2п 
Ratio = 1 


2k 20 .6x10719 x (9.1x10 33) x (3.14? x (0.53 x10°1° 7 





2450033 nh 
= 8.73 x 10° C/kg. 
1242 


The energies associated with 450 nm radiation = 450 - 2.76 ev 


1242 


2x (8.85 х10712)2 x (6.63 х10-34 4 x f? 


Energy associated with 550 nm radiation = "550 = 2.258 = 2.26 ev. 


The light comes under visible range 
Thus, п. = 2, п. = 3, 4, 5, ...... 

Е, — Ез = 13.6 (1/2? – 1/3?) = 1.9 ev 
Е — Е. = 13.6 (1/4 — 1/16) = 2.55 ev 
Е2— Es = 13.6 (1/4 — 1/25) = 2.856 ev 


Only Ez — E, comes in the range of energy provided. So the wavelength corresponding to that energy 


will be absorbed. 
А = e c 487.05 nm = 487 nm 

2.55 
487 nm wavelength will be absorbed. 
From transitions n =2 to n 71. 
E = 13.6 (1/1 — 1/4) = 13.6 x 3/4 = 10.2eV 
Let in check the transitions possible on He. n = 1 to 2 
Е, =4х 13.6 (1 — 1/4) = 40.8 eV 
n=1ton=3 
E,=4 x 13.6 (1 - 1/9) = 48.3 eV 
Similarly n = 1 ton = 4 is also not possible. 
n=2ton=3 
Ез = 4 х 13.6 (1/4 — 1/9) = 7.56 eV 


ЇЕ, > E hence impossible] 


[E, > E hence it is not possible] 
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29. 


30. 


31. 


32. 


n-2ton-4 

E, = 4 x 13.6 (1/4 – 1/16) = 10.2 eV 

As, E; < E and Е; = Е 

Hence Ез and E, can be possible. 

à = 50 пт 

Work function = Energy required to remove the electron from п; = 1 to n; = о. 
E = 13.6 (1/1 — 1/o») = 13.6 

hc 


---13.6 = KE 
3, 
=> 122 136 = КЕ = КЕ = 24.84 - 13.6 = 11.24 eV. 
à = 100 пт 
Е = he 32 = 12.42 eV 
3, 100 


a) The possible transitions may be E, to E; 

Е, to E2, energy absorbed = 10.2 eV 

Energy left = 12.42 — 10.2 = 2.22 eV 

2.22eV = re = m or À = 559.45 = 560 nm 

Е; to Ез, Energy absorbed = 12.1 eV 

Energy left = 12.42 — 12.1 = 0.32 eV 

0.32- hc 2 1242 ар L= 1242 
À 3, 0.32 

E; to E4, Energy absorbed = 0.65 

Energy left 12.42 — 0.65 = 11.77 eV 


= 3881.2 = 3881 nm 


tigre ПЕ 1242 or 141242 40559 
3, À 11.77 
b) The energy absorbed by the H atom is now radiated perpendicular to the incident beam. 

> 10.2 = be огл = = 121.76 nm 

A 10.2 
- 12.1 = Be ог», = мийн 102.64 nm 

A 12.1 
—> 0.65 = he огл = 25: 1910.76 nm 

X 0.65 


$7 1.9 eV 
a) The hydrogen is ionized 
n1 = 1, N2 =% 
Energy required for ionization = 13.6 (1/n,° — 1/n”) = 13.6 
76-19 = 13.6 = A = 80.1 пт = 80 nm. 


b) For the electron to be excited from n, = 1 ton, = 2 











E = 13.6 (1/14? — 1/nZ) = 13.6(1 - 4) = x 
"© 19- ZES = = 1242 / 12.1 = 102.64 = 102 nm. 


The given wavelength in Balmer series. 

The first line, which requires minimum energy is from n, = 3 to n; = 2. 

-. The energy should be equal to the energy required for transition from ground state to n = 3. 
i.e. Е = 13.6 [1 — (1/9)] = 12.09 eV 

-. Minimum value of electric field = 12.09 v/m = 12.1 v/m 
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33. 


34. 


35. 


36. 


3T. 


38. 


In one dimensional elastic collision of two bodies of equal masses. 
The initial velocities of bodies are interchanged after collision. 

-. Velocity of the neutron after collision is zero. 

Hence, it has zero energy. 

The hydrogen atoms after collision move with speeds у; and v». 





mv = mv, + mv ...(1) 
Lye ae 42231452 

ту“ = = туу + 2mv$ + AE ...(2) 
2 2 2 


From (1) v? = (v, + vg = v? +5 + 2\4м> 


From (2) У? = v? « v? + 2AE/m 


= 2V4V5 TW ...(3) 





(Vi - v3) = (vo * v3 —4\ М> 
=> (v1 — v2) = v? — 4AE/m 
For minimum value of 'v' 
у = V2 => V (4ЛЕ/т) = 0 
gl 4АЕ _ 4x13.6x1.6x10 7? 
m 1.67 x10 77 


Ө к ол 

> үз 
1.67 х10-27 

Energy of the neutron is Уг mv? 
The condition for inelastic collision is > % mv? > 2AE 
= AE = и ту? 
AE is the energy absorbed. 
Energy required for first excited state is 10.2 ev. 
z. AE < 10.2 ev 








= 7.2 x 10^ mis. 





бә eve ne cs Vere 251024, 
m 








= 6 x 10* m/sec. 





ы 
— үз 
1.67 х10-27 
a) X = 656.3 nm 
-34 
Momentum P = E/C = need zh - 6.63 x10 5 
с X  6563x10^ 
р) 1x107 = 1.67 x 107 x v 
=> v = 1/1.67 = 0.598 = 0.6 m/s 





= 0.01 x 10” = 4 x 10 7" kg-m/s 


0.3006 x 10:27 
1.6 х10-'9 
Difference in energy in the transition from n = 3 ton = 2 is 1.89 ev. 

Let recoil energy be E. 
% те М2? - V] + Е = 1.89 ev = 1.89 x 1.6 x 10? J 
2 2 
2 лето (2187) (287) | +E = 3.024 x 107? J 
2 2 3 
= E = 3.024 x 10 1? – 3.0225 x 10” 
п, = 2, п = З 
Energy possessed by H, light 
= 13.6 (1/1? — 1/n)) = 13.6 x (1/4 — 1/9) = 1.89 eV. 


с) KE of atom = % х 1.67 х 107” x (0.6)? = ev = 1.9 x 10? ev. 





For Ha light to be able to emit photoelectrons from a metal the work function must be greater than or 


equal to 1.89 ev. 
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39. 


40. 


41. 


42. 


43. 


The maximum energy liberated by the Balmer Series is n, = 2, n; = o» 
Е = 13.6(1/n,? — 1/n)) = 13.6 x 1/4 = 3.4 eV 
3.4 ev is the maximum work function of the metal. 
Wocs 7 1.9 eV 
The radiations coming from the hydrogen discharge tube consist of photons of 
energy = 13.6 eV. 
Maximum KE of photoelectrons emitted 
= Energy of Photons — Work function of metal. 
= 13.6 eV - 1.9 eV=11.7 eV 
À = 440 nm, e = Charge of an electron, ф = 2 eV, Vo = stopping potential. 
4.14 x10 9 x 3x10? 

440 x10? 
=> eV, = 0.823 eV = Vo = 0.823 volts. 
Mass of Earth = Me = 6.0 x 10% kg 
Mass of Sun = Ms = 2.0 х 10% kg 
Earth – Sun dist = 1.5 x 10" т 
n?h? 
4n? 





We have, T -ф-6М,-» 2eV = eV 





att) 


nh 
mvr = — or, mê v? г? = 
2n 


2 
МЕ Мх огу = GMs/r ...(2) 
r 





Е 
Dividing (1) апа (2) 

242 
We get Ме?г = PLE 
4n^GMs 


forn= 1 


2 
г= Е ы = 2.29 х 10138 т = 2.3 x 10? т. 
4n*“GMsMe 


E Me? хгх4хл x GxMs 


2 =2.5х 10". 


b) n? 





meVr = Bh ...(1) 
ZT 
2 
GMM, m, V GM, _ 2 0) 
r r r 
Squaring (2) and dividing it with (1) 
mêv°r? п2Һ2г EE АВАР s оп 
2 742 FORE EE CERE LEE 
v 4n GM, 4n GM, 4n Gm me 
anhi 
2nrm, 
_ ил ОМ,М2 _ 2xGM,M, 
21M,n?h? nh 
2 2602 123 
КЕ = Im,v? = т (2nGM,M,)° 4x^G^M/M? 
2 2 nh 2n?n? 
_ -GMM, _ -6М,М,4726М,М5 _ 41^ G^M;M$ 
r n?h? n?h? 
2л202Мм2М? 
20217 














>v from (1) 





1 








PE 


Total energy = KE + PE = 
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44. According to Bohr's quantization rule 


nh 
mvr = — 
2n 
‘r is less when ‘п’ has least value i.e. 1 
or, mv = zn ...(1) 
21R 


Again, г = Чи or, mv = rqB ...(2) 
qB 
From (1) and (2) 


nh 
гав = — [a = el 
2nr 


= 2 = I >r= Jh/2neB [һегеп = 1] 
те 


nh 


b) For the radius of nth orbit, r= ,J—— . 
2леВ 


nh mv 
с) myr = —, r= — 
2n qB 
Substituting the value of 'r' in (1) 
mv nh 
mv х — = — 
48 2r 


nheB 
= mv? = 





[In=1,q=e] 
n 


2  heB heB 
A > ^0rv- zu 
21m 2mm 


45. even quantum numbers are allowed 








п = 2, n2 = 4 > For minimum energy or for longest possible wavelength. 





a 11 1 od 
зе >| -38( 22) =258 


1 Ng 
—2.55= © 
X 
a= © -1242 L 487.05 nm = 487 nm 
2.55 2.55 


46. Velocity of hydrogen atom in state ‘n’ = u 
Also the velocity of photon = u 
But << C 
Here the photon is emitted as a wave. 


So its velocity is same as that of hydrogen atom i.e. u. 


г. According to Doppler's effect 








frequency v = v (e) 
0\1—-и/с 
и 
as и <<< С 1--5-4 
C 
у= у (Hee) ay (2) у= ү (2) 
Е o 1 9 с 0 с 


^ ^^ 
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À = 0.1 nm 
a) Energy = he = 1242 ev.nm 
А 0.1 пт 
= 12420 ev = 12.42 Kev = 12.4 kev. 


С_ 3х10® _ 3x10 








b) Frequency = о =3x10'8Hz 
c) Momentum = Ec = 124 10-хтв X107 6.613 x 10 kg-m/s = 6.62 х 10725 kg-m/s. 
Distance = 3 km = Зх 103 т 
C 2 3 10° m/s 
Dist 3x10? dis 





© Speed 3x10? 
— 10 x 10? sec = 10 us in both case. 
V = 30KV 

hc hc  1242ev-nm 
E eV  ex30x10? 
1. =0.10 пт = 10° т;  h26.63x10^?'J.s 





\ = = 414 x 10^ пт = 41.4 Pm. 


C 2 3 x 108 mis; е= 1.6 х 1079 С 
е Or Mx hc 
eV ел 


_ 6.63 х1073* x 3x10? 

© 16x107 x107" 

hc _ 6.63 х1073* x3x10? 

2. 10 79 

à = 80 pm, Е = hc 1242 _ 15525 x 10° eV = 15.5 KeV 
A 80x10? 


We know A = he 
V 


= 12.43 x 10? V = 12.4 KV. 





Max. Energy = = 19.89 x 10 7? = 1.989 x 10. ^ = 2 x 10" J. 





Now 1,5 fie = а 
1.01V 1.01 
x 0.01, 


1.01 





А-А 


0.01х3, 


90 change of wave length = L1 x100 = —— = 0.9900 = 1%. 


1 
xA 1.0 
а= 1.5 m, à = 30 pm = 30 x 10? nm 


gahe 21232: 414x10 eV 


A 30x10? 


3 
Electric field = ын зїг 27.6 х 10? V/m = 27.6 КУ/т. 


1.5 
Given л 51-26 pm, V' = 1.5 V 
Now, А = PC, = DS 
ev ev 





- 


or AV = A'V' 
= АМ = (4-26 x 1077) x 1.5 V 
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10. 


11. 


12. 


13. 


14. 


>2=1524-1.5x 26 х 1072 


_ 39x10" 
0.5 


hc _ 6.63 х3х 1073 x10? 


>À = 78 x10? т 


V= = 0.15937 x 10? = 15.93 x 10? V = 15.93 KV. 





eù 1.6х107978х1077 
V = 32 KV = 32 х 10° V 
When accelerated through 32 KV 

















E = 32 x 10? eV 
= he 1242 = 38.8 x 10? nm = 38.8 pm. 
E 32x10 
hc 18 
= —;V=40kV, f=9.7 x 10 Hz 
eV 
or, шоо “of, Lu п гоги-2Уу 5 
с eV f eV f 
3 
= Nys- OR 442 x 107 ем. 
+ 9.7х10 


V = 40 KV = 40 x 10° V 
Energy = 40 x 10? eV 





Energy utilized — 2 x 40x10? = 28 x 10° eV 
p= Pe _ 1242 ev nM L, 44.35 x 107 nm = 44.35 pm. 





E 28x10? ev 
For other wavelengths, 





Е = 70% (left over energy) = a х(40—28)103 = 84 x 10°. 
uae е8 = 147.86 х 10? nm = 147.86 pm = 148 pm. 
E 84x10 
For third wavelength, 
um (12 8.4) x 103 2 7 x 3.6 x 10? = 252 х 10? 
100 
ps ne m = 49.2857 x 10? nm = 493 pm. 
E 252x10 
К, = 21.3 x 10°” pm, Now, Ек- E, = = = 58.309 kev 
21.3х10- 
E, = 11.3 kev, Ек = 58.309 + 11.3 = 69.609 kev 
Now, Ve = 69.609 KeV, ог“ = 69.609 KV. 
А = 0.36 nm 
1242 
= cte = 3450 eV (Em -E 
0.36 ш. 


Energy needed to ionize an organ atom = 16 eV 
Energy needed to knock out an electron from K-shell 
= (3450 + 16) eV = 3466 eV = 3.466 Кем. 


À4 = 887 pm 
8 
у= So Sx g = 3.382 x 10 = 33.82 х 10° = 5.815 х 10° 
A 887х107 
Мә = 146 pm 
8 
т uU = 0.02054 х 10” = 2.054 х 107? = 1.4331 х 10°. 
146 x 107 
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15. 


16. 


17. 


We know, Vv = a(z — b) 


= 45.815 108 =a(13—b) 

41.4331х109 -а(30-08) 

13-b 5815х107 
30-b 1.4331 

= 30 x 0.4057 — 0.4057 b = 13-0 

=> 12.171— 0.4.57 b + b = 13 
_ 0.829 
0.5943 


- 5.815 x10? 
11.33 





= 0.4057. 





= 1.39491 


= 0.51323х108 =5 х 10”. 


For ‘Fe’, 
Vv = 5 x 10" (26 – 1.39) = 5 x 24.61 x 107 = 123.05 х 10’ 
с/А = 15141.3 х 10" 


8 
=a = —2*10 __ = 0.000198 х 10° m= 198 x 10° = 198 pm. 
15141.3 10 
E = 3.69 kev = 3690 eV 
a= 16.1242 = 0.33658 nm 
E ` 3690 


Ус/9,-а(2-0) а=5х10’ JHz, b= 1.37 (from previous problem) 


8 
p -5х107(2-1.37) = 8.82 10" 2 5x10'(Z 1.37) 
.З4 x 


= 9.39 x 10° = 5 x 10’ (Z - 1.37) > 93.9/52 Z — 1.37 
= 2 = 20.15 = 20 

-. The element is calcium. 

Kg radiation is when the e jumps from 

n=3ton=1 (here п is principal quantum no) 


AE = hv = Rhe (z – h}? [с> =| 


2 32 
я. Fen 


"yv xz 10 20 30 40 50 60 
Second method : 
We can directly get value of v Бу ` 
hv = Energy 
. Energy(in kev) 
eroe 
This we have to find out v and draw the same graph as above. 
0-1 
For « a (57) 
Av =а(7-р) 
= vv -a(57-1)-ax56 ...(1) 
For Cu(29) 


V1.88x10 = а(29 —1) = 28а ...(2) 


dividing (1) and (2) 








>V 
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18. 


19. 


20. 


21. 


22. 


23. 


24. 





V ах56 
= =2 
\1.88x108  ax28 


=> v = 1.88 x 10"°(2} = 4 x 1.88 x 10? = 7.52 x 10° Hz. 
К.-Ес-Ё, XO) AK, =0.71 A® 
Kp = Ex - Ем »(2) Kg = 0.63 A^ La 
La = E, - Ем (3) 
Subtracting (2) from (1) Ka | KB 
К. — Kg = Ем — E, = =, 
8 8 
or, La = Ky — Ky = n Se 
0.63x10 0.71x10 
= 4.761 x 107? — 4.225 x 10? = 0.536 x 10" Hz. 
3x10? 
0.536 x 107 
Е, = EE - 58.309 x 10? ev 
21.3x10 
. 12722 
141x102? 
Ез = E, + E; => (58.309 + 8.809) ev = 67.118 x 10° ev 
де 122 .i85x10?nms185pm. 
Ез 67.118x10? 
Ек = 25.31 KeV, E, = 3.56 KeV, Ем = 0.530 KeV 
Ky = Ex = К = hv 
_ Ек-Е; 25.31-3.56 
>Vve = x 
h 4.14 х10775 
Kp = Ек — Км -hv 
Ek -Em _ 25.31-0-53 „оз. 5.985 x 1075 Hz. 
h 4.14 «10-15 
Let for, К series emission the potential required = v 
-. Energy of electrons = ev 
This amount of energy ev = energy of L shell 
The maximum potential difference that can be applied without emitting any electron is 11.3 ev. 
М = 40 КУ, і = 10mA 
1% of Te (Total Kinetic Energy) = X ray 


-2 

{= пе огп = шаа = 0.625 x 10” no.of electrons. 

1.6x10 
KE of one electron = eV = 1.6 x 10? x 40 х 10° = 6.4 x 107° J 
Tke = 0.625 x 6.4 x 10” x 10° = 4 x 107 J. 
a) Power emitted in X-ray = 4 x 10° x (71/100) = 4w 
b) Heat produced in target per second = 400 - 4 = 396 J. 
Heat produced/sec = 200 w 


> ши = 200 => (ne/t)V = 200 





Again à = =5.6x 10 = 5.6 А°. 


= 8.8085 x 10? ev 


E? 








10? = 5.25 x 105 Hz 





—M- 





= i = 200 /V = 10 mA. 
Given : v = (25 x 10'* Hz)Z - 1)? 
Or C/A. = 25 x 10 (Z - 1)? 
3x10? 5 
78.9 x10" x25x10" m 
ог, (7-1) = 0.001520 х 10° = 1520 
= Z-1 = 38.98 or Z = 39.98 = 40. It is (Zr) 
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25. 


26. 


27. 


8 
з - = (2 1)? 
146x1071? x 25x10 
ог, (7— 1)? = 0.0008219 х 10° 























= 7- 1 = 28.669 or Z = 29.669 = 30. It is (Zn). 2 
cC 
3x10? 2 $ 
с) -(Z-1) i= 
158x1071? x 25 x10'^ 
ог, (2-1) = 0.0007594 х 10° 78.9 146 158 198 
= 7- 1 = 27.5589 or Z = 28.5589 = 29. It is (Cu). Wavelength (in pm) 
8 
3 x10 B (Z 1р 


198 10-12 x 25 x10"4 
ог, (Z — 1)? = 0.000606 х 10° 
=> Z-1- 24.6182 or Z = 25.6182 = 26. It is (Fe). 
Here energy of photon = E 
E = 64 Ке\ = 6.4 x 10° ev 
6.4 x10? 
3x10? 
According to collision theory of momentum of photon = momentum of atom 
-. Momentum of Atom = P = 3.41 x 1075 m/sec 
-. Recoil К.Е. of atom = P^ / 2m 
(3.41x1077* )2ем 
(29.3 x10 x1.6x107?) 
Vo Stopping Potential, Л, — Wavelength, eVo = hv — hvo 
eVo = Һс/А => Мой, = hc/e 
V — Potential difference across X-ray tube, X — Cut of wavelength 
À -hc/eV or VA = һс/е 
Slopes are same i.e. Ус), = VA Ур ; 
hc _ 6.63 х1073* x3x10? 
е 1.6x10 7? 
à = 10 pm 100 х 10 ^ m 
D = 40 cm = 40 х 102 т 
В 20.1 mm = 0.1 x 10° т 


Momentum of Photon = E/C = = 3.41 x 10 7* m/sec. 





=3.9 eV [1 Joule 1.6 x 1077 ev] 





2 -6 
= 1.242 х 10° Vm c 17 





AD 
Der 
AD 100x107x40x10? _ E 
> d= ES T NE =4x 10% т. 
^^^ 
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CHAPTER - 45 
SEMICONDUCTOR AND SEMICONDUCTOR DEVICES 


f = 1013 kg/m?, М = 1 m? 
m = fV = 1013 x 1 = 1013 kg 
No.of atoms = 1913 шан x10" _ 264.26 x 10% 
a) Total no.of states = 2 М = 2 x 264.26 x 10° = 528.52 = 5.3 x 10° x 102 
b) Total no.of unoccupied states - 2.65 x 102. 
In a pure semiconductor, the no.of conduction electrons = no.of holes 
Given volume = 1 cm x 1 cm x 1 mm 
21x10?x1x107?x1x 10? = 107 m? 
No.of electrons = 6 x 10? x 107 = 6 x 107. 
Hence no.of holes = 6 x 107. 
Е = 0.23 eV, К = 1.38 х 10” 
КТ=Е 
=> 1.38 x 10 ? x T = 0.23 х 1.6 x 10? 
ло 0.23х1.6х10:9 0.23х1.6х10“ 
1.38 х10-23 1.38 
Bandgap = 1.1 eV, Т = 300 К 
11_ 1.1 
KT  8.62x10? x3x10? 
b) 4.253' = een or T= 2110 - 3000.47 K. 
8.62х10° xT 4.253 x 8.62 
2KT - Energy gap between acceptor band and valency band 
=> 2x1.38 x 107° x 300 








= 0.2676 х 10^ = 2670. 


= 42.53= 43 





a) Ratio = 


=> Е = (2 x 1.38 х 3) х 10?! J = 





6x1.38 10 T ev - [£259 логву 
16 107 
= 5.175 x 10? eV = 51.75 meV = 50 meV. 
Given : 
Band gap - 3.2 eV, 
E-hc/AX-21242/4123.2 or = 388.1 nm. 
à = 820 nm 
E = hc/ à = 1242/820 = 1.5 eV 
Band Gap = 0.65 eV, à =? 
E = hc/ à = 1242 / 0.65 = 1910.7 x 10° m = 1.9 x 10? m. 
Band gap - Energy need to over come the gap 
hc  1242eV -nm 
A  . 620nm 
Given n = e^^*/?KT. AE = Diamon > 6 eV; AE Si > 1.1 eV 
-6 
Now, п; = е^Е1/2КТ _ дэхзоох8.6251079 





= 2.0 eV. 


-1.1 
2-9 2«300x8.62x10 9 
nj = e ^AE2/?KT _ 625300862510 


п, _ 4.14772x10 
nj; 5.7978x10°'° 
Due to more AE, the conduction electrons per cubic metre in diamond is almost zero. 


=7.15 x 1079. 
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11. с = T? e ^E/?KT at 49K 


= OTe —, 
с = 43/2 = д2х862х107554 = 8 x 1078.08. 
At 300 K, 
22067002 
c = 3003/2е28.62х10-5х300 — 3х1730 . 1295 | 
8 
8 хе-1073-08 64 | 
Ratio = e 1060413. 





[3x1730)/8]xe-7295 — 3x1730 


12. Total no.of charge carriers initially 2 2 x 7 x 10? = 14 x 10'°/Cubic meter 
Finally the total no.of charge carriers = 14 x 107 / т? 
We know : 
The product of the concentrations of holes and conduction electrons remains, almost the same. 
Let x be the no.of holes. 
So, (7 x 105) x (7 x 10°) = x x (14 x 10” — x) 
=> 14x x 10” – x? = 79 x 10?? 
=> х? - 14x x 107 – 49 x 10? = 0 


ko 14x107 +14? x410% + 4 х 49 x 1090 
2 
- |ncreased in no.of holes or the no.of atoms of Boron added. 
5x10? 
1386.035 x 105 
13. (No. of holes) (No.of conduction electrons) 7 constant. 
At first : 
No. of conduction electrons = 6 x 10'? 
No.of holes = 6 x 10? 
After doping 
No.of conduction electrons = 2 x 10? 
No. of holes = x. 
(6 x 107) (6 x 107) = (2 x 10x 





= 14.00035 х 10". 





— 1 atom of Boron is added per = 3.607 x 10? x 10? = 3.607 x 10”. 


6x6x10'9*19 = 
2х102% 
> х= 18 х 10" = 1.8 x 10/6. 
14. с = бёле КТ 


AE = 0.650 eV, T2 300 К 
According to question, K 7 8.62 x 10? eV 


LAE 
coge ^E/?KT = 2х сүв 29200 
-0.65 
=> e266240?«T = 6.96561 х 107 
Taking in on both sides, 
—0.65 


We get, z = —11.874525 
2x8.62x10? xT' 


1 _ 11.574525x2x8.62x10? 
T' 0.65 
— T =317.51178 = 318 K. 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


Given band gap -1 eV 

Net band gap after doping = (1 – 10 ?)eV = 0.999 eV 
According to the question, КТ. = 0.999/50 

=> Т, = 231.78 = 231.8 

Рог the maximum limit KT2 = 2х 0.999 


= 2x1x107 2 40 232. 
8.62x10° 8.62 

Temperature range is (23.2 — 231.8). 
Depletion region ‘d’ = 400 nm = 4 x 1077 т 
Electric field E = 5 x 10? V/m 
a) Potential barrier V = Е x d = 0.2 V 
b) Kinetic energy required = Potential barrier хе = 0.2 eV [Where e = Charge of electron] 
Potential barrier = 0.2 Volt 
a) К.Е. = (Potential difference) x e = 0.2 eV (in unbiased cond") 
b) In forward biasing 

КЕ + Ve = 0.2e 
=> КЕ = 0.2е - 0.1е = 0.1е. 
C) In reverse biasing 

КЕ — Ме =0.2е 
=> КЕ = 0.2е + 0.1е = 0.3e. 
Potential barrier 'd' = 250 meV 
Initial KE of hole = 300 meV 


We know : KE of the hole decreases when the junction is forward biased and increases when reverse 
blased in the given 'Pn' diode. 


So, 

a) Final KE = (300 — 250) meV = 50 meV 

b) Initial KE = (300 + 250) те\ = 550 meV 

i, = 25 uA, V = 200 mV, і = 75 pA 

a) When in unbiased condition drift current = diffusion current 
-. Diffusion current = 25 pA. 

b) On reverse biasing the diffusion current becomes ‘О’. 

c) On forward biasing the actual current be x. 
x — Drift current = Forward biasing current 

=> х- 25 НА = 75 uA 

=> х= (75 + 25) pA = 100 pA. 

Drift current = 20 нА = 20 x 10? A. 

Both holes and electrons are moving 


20 1079 


=> 12 








So, no.of electrons 5 UCET PET ME 6.25 х 10". 
2x1.6x10^ 
a) e?VKT = 100 
pot М 
=> 68.62х1075х300 = 100 
— VLLL = 4.605 = V = 4.605 x 8.62 x 3 x 10? = 119.08 x 10? 
8.62x10 ~x300 
-3 -3 
R- У _ а 2 ш ши 242x107. 
| (eK)  10x109x(100-1) 99x107 
Vo = 8. 


=> 10 х 106 х 1.2 х 10? = 1.2 x 10? = 0.0012 V. 
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c) 02- KT gei 
Cig 
K = 8.62 x 10? eV/K, T = 300 K 
б = 10 x 10° A. 
Substituting the values in the equation and solving 
We get V = 0.25 
22. a) ip =20 x 10 °A, T = 300 K, V = 300 mV 
av 4 100 
i= ект =20х 10®(e862 —1) =2.18 А=2А 
V x10 
b) 4= 20x10 $(e8923«0? 1) > EM шан 


ух103 


Vx10° 
= е8:62х3 — 200001 = 20 — 12.2060 
8.62x3 


> V = 315 mV = 318 mV. 
23. a) Current in the circuit = Drift current 5 20 
(Since, the diode is reverse biased = 20 uA) 
b) Voltage across the diode = 5 — (20 x 20 x 102) 
25—(4x10*)25 V. 
24. From the figure : 200 200 


According to wheat stone bridge principle, there is no current through the 
diode. 2 Y 4 


Hence net resistance of the circuit is » - 20 0. 





25. a) Since both the diodes are forward biased net resistance = 0 
2V 





i= — =1A 
20 
2V 20 
b) One of the diodes is forward biased and other is reverse biase. 
Thus the resistance of one becomes оо. 
2 
j= = ОА. 
і Га 2V 20 
Both are forward biased. 
Thus the resistance is O. 
j= 2 ЕЛА. 2% 20 
2 
One is forward biased and other is reverse biased. 
Thus the current passes through the forward biased diode. 
"E 2 ЕЛА. 
2 2% 20 
26. The diode is reverse biased. Hence the resistance is infinite. So, current through A a 
A4 is zero. 


2V 
For Ao, current = 2 -0.2 Атр. 


100 
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2T. 


28. 


29. 


30. 


31. 


Both diodes are forward biased. Thus the net diode resistance is O. 
5 _5 = 1 
(10 +10)/10.10 5 


One diode is forward biased and other is reverse biased. 





Current passes through the forward biased diode only. 
i= сан? 


—?— =1/2=0.5A. 
Вы 10+0 





а) When К = 120 
The wire EF becomes ineffective due to the net (-)ve voltage. 
Hence, current through R = 10/24 = 0.4166 = 0.42 A. 

b) Similarly for К = 480. 


j= 10- = 10/60 = 0.16 A. 
(48 +12) 

e—a he 

A | 100 | B 


Since the diode 2 is reverse biased no current will pass through it. 


! ! 


Let the potentials at A and B be V4 and Vs respectively. 

i) If VA» Vg 
Then current flows from A to B and the diode is in forward biased. 
Eq. Resistance = 10/2 7 5 0. 

ii) If Va < Vg 
Then current flows from B to A and the diode is reverse biased. 
Hence Eq.Resistance = 10 О. 

ôl = 80 uA — 30 uA = 50 pA = 50 х ПОА 

$1, = 3.5 mA – 1 ТА = -2.5 mA = 2.5 х 10° А 


В = EJ Ме = constant 
ol, 


25x10? . 2500 . 
50x10 50 
Current дат = 50. 





50. 


i 100 
Бу 100 
i 100 
5 100 
120 
А 4V B 
6V R 
C D 
10 
Е F 
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32. 


33. 


34. 


35. 


В = 50, dl, = 50 pA, 





Vo = B x RG = 50 x 2/0.5 = 200. c 
2ко 
a) М=М= Sac. MeL. 20 = 8000 V. ИН 
М öl xR; 50x109x5x10? 
b) ƏV; = öls x В, = 50 x 10° x 5 x 10? = 0.00025 V 225 ту. җеза S 


e 
c) Power gain = p? x ВС = p? 50 = 2500522. = 10°. 


1 
X= АВС +ВСА + САВ 
а) А=1,В=0,С=1 
ХЕТ 
b АЕВ=С=1 
Xs. 
For ABC - BCA 


B 
C 
A 


LHS-ABx АВ = Х+Х [X= AB] 
ИХ=0, x «1 

IFX99;X-1 

>1+0o0r0+1=1 

=> RHS = 1 (Proved) 





10. 


11. 


THE NUCLEUS 
CHAPTER - 46 
M = Атр, f = M/V, m, = 1.007276 и 
R = К,А! = 1.1 x 10 7? А! и = 1.6605402 х 10 ?' kg 
_ Ax1.007276 x 1.6605402 x 10 7 


4/3x3.14 xR? 
Ч in CGS = Specific gravity = 3 x 10". 


= 0.300159 х 107 = 3 x 10” kg/m’. 











30 
{= М v-M- 4x10 1 10 — 1,4404 
v f 24х10” 0.6 6 
V = 4/3 лв. 
ИТС РЯ ®х-х10'4 
6 6 4 л 


> В? = qo? 
T 


7. В = Vx 10 x 3.17 = 1.585 x 10^ m = 15 km. 
Let the mass of ‘а’ particle be xu. 
‘a’ particle contains 2 protons and 2 neutrons. 
-. Binding energy 7 (2 x 1.007825 u x 1 x 1.00866 u — xu)C? - 28.2 MeV (given). 
-. X = 4.0016 и. 
LI +p >l+a +E; Li =7.016u 
a = “He = 4.0026u ; p = 1.007276 u 
E = Li’ + P — 2a = (7.016 + 1.007276)u — (2 x 4.0026)u = 0.018076 u. 
— 0.018076 x 931 = 16.828 = 16.83 MeV. 
В = (Zm, + Nm, - M)C? 
Z=79;N=118; тр = 1.007276u ; M = 196.96 и; mn = 1.008665u 
В -[(79 x 1.007276 + 118 х 1.008665)u — Mu]c? 
= 198.597274 x 931 — 196.96 x 931 = 1524.302094 
So, Binding Energy per nucleon = 1524.3 / 197 = 7.737. 
a) и? Не“ + Th?* 


E = [My - (Nuc + Му) = 238.0508 - (234.04363 + 4.00260)]и = 4.25487 Mev = 4.255 Mev. 


b) E = U^ = [th + 2п' + 294] 
= {238.0508 — [234.64363 + 2(1.008665) + 2(1.007276)]u 
0.024712u = 23.0068 = 23.007 MeV. 
238 = 223.018 и ; "?Pb = 208.981 и; "C = 14.003 и. 
2235. 2 2095}. + мс 
Am = mass ^?R,— mass (РЫ + ^C) 
=> = 223.018 - (208.981 + 14.003) = 0.034. 
Energy = AM хи = 0.034 x 931 = 31.65 Me. 
Ez. > Eza, N + Р, > Ezy. > Е’, N + iH! [As hydrogen has no neutrons but protons only] 
ДЕ = (М; 1м + № – М; м)с? 
EN = Е; ми + an : 
Energy released - (Initial Mass of nucleus — Final mass of nucleus)c? = (Mzn-1 + Mo — MajJc*. 
p32 > $32 + oV? +B? 
Energy of antineutrino and p-particle 
= (31.974 — 31.972)u = 0.002 u = 0.002 x 931 = 1.862 MeV = 1.86. 


ш > Р+е 
We know : Half life = 0.6931 / X (Where 2, = decay constant). 
Or à = 0.6931 / 14x60 = 8.25 x 10^ S [As half life = 14 min = 14 x 60 sec]. 


Energy = [Mn - (Me + М.и = [(Mnu — Mpu) — Мыс” = [0.00189u — 511 KeV/c?] 
= [1293159 ev/c? – 511000 еу/с2]с? = 782159 eV = 782 Kev. 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Z5Ra 5 fo + Ңп 


PO > IPF +08 + OV 

ЗА > 22MG +e + bv 

9* Gu — “Nite +v 

Emission of nutrino is along with a positron emission. 


a) Energy of positron = 0.650 MeV. 
Energy of Nutrino = 0.650 — KE of given position = 0.650 — 0.150 = 0.5 MeV = 500 Kev. 


-19 
Momentum of Nutrino = 300 X1.6x10 ^ 40842 267 x 10” kg m/s. 


b 
3x108 


— 


a) оК —> Ca? вм” 


— 


К ЭАе pg? 
К ле АР” 
19K” > 56а + це? + av : 
р) О = [Mass of reactants — Mass of products]c? 
= [39.964u – 39.9626u] = [39.964u — 39.9626]ис? = (39.964 – 39.9626) 931 Mev = 1.3034 Mev. 
49 K^. ТАГ" + 18° + oV? 
Q = (39.9640 — 39.9624)uc? = 1.4890 = 1.49 Mev. 
gk + 4e? АР 
Оа = (39.964 – 39.9624)ис?. 
8110-2141: 5+ Li 
SLi SBe+e +v” 
8Ве > “Не + ;He 
"Сэ "В+ В+ у 
mass of C" = 11.014u ; mass of B" = 11.0093u 
Energy liberated = (11.014 — 11.0093)u = 29.5127 Mev. 
For maximum K.E. of the positron energy of v may be assumed as 0. 
-. Maximum K.E. of the positron is 29.5127 Mev. 
Mass ?*?'^ = 228.028726 и; “Ка = 224.020196 и; a = 2Не — 4.00260u 
238TH REC 224Ra* ta 
?"Ra* — 2 Ва + v(217 Kev) 
Now, Mass of **“Ra* = 224.020196 х 931 + 0.217 Mev = 208563.0195 Mev. 
KE of a = E 797^ — Е(22*Ва* + о) 
= 228.028726 x 931 - [208563.0195 + 4.00260 x 931] = 5.30383 Mev- 5.304 Mev. 
"UN > "C* өг «v 
2С* — °C + v(4.43 Mev) 
Net reaction : "N — "C + e* + v + v(4.43 Mev) 
Energy of (e* + v) = №” — (с? + v) 
= 12.018613u — (12)u — 4.43 = 0.018613 и — 4.43 = 17.328 - 4.43 = 12.89 Mev. 
Maximum energy of electron (assuming 0 energy for v) = 12.89 Mev. 
a) t12 = 0.693 / X [A — Decay constant] 
=> ty = 3820 sec = 64 min. 
b) Average life = t4; / 0.693 = 92 min. 
c) 0.75 = 1 e™ = In 0.75 = — At > t = In 0.75 / —0.00018 = 1598.23 sec. 
a) 198 grams of Ag contains — № atoms. 


23 -6 
1 ug of Ag contains > М/198 x 1 ug = бло I atoms 
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21. 


22. 


23. 


24. 


25. 


26. 

















17 
Activity = AN = 0968 хМ = о disintegrations/day. 
t2 198 x2.7 
17 17 
- 0.693 x6 <10 disintegration/sec = А curie = 0.244 Curie. 
198 x 2.7 x 3600 x 24 198 x 2.7 x36 x 24 x 3.7 10" 
b) A= Ao = 0244: = 0.0405 = 0.040 Curie. 
2012 out. 
2.7 


ty? = 8.0 days ; Ay = 20 и CI 
a) {= 4.0 days ; à = 0.693/8 
А = Аре 2051059 0999/9 = 1.41 x 10° Ci S14 CI 
c 0.693 
8x24 x 3600 
) 24.9 x 105 s” 


= 1.0026 x 10°. 


1 1 - 
A 49x10? 4.9 
= 6.47 x 10° years. 


a) Avg. life of 2380 = x 107? sec. 





0.693 _ 0.693 
x 4.9х10:9 





b) Half life of uranium = =4.5 x 10° years. 


A Ao 

gu А 

A = 200, A; = 500, t = 50 min 

А=Ае* or 200 = 500 x e ?9* 60». 

= \ = 3.05 x 10 * s. 

0.603 0.693 
" 0.000305 

Ao = 4 x 10? disintegration / sec 

A’ = 1 x 10° dis/sec ; t = 20 hours. 


с) А= -2Ut2 22224, 





b) t12 = = 2272.13 ѕес = 38 тіп. 














Га Ас t/ty2 Ao gitu2 — 4 
2/2 А' 
> ut, =2 >t? = ү2 = 20 hours / 2 = 10 hours. 
А 8 | 
А" = ТР = А” = cus = 0.00390625 x 10° = 3.9 х 10? dintegrations/sec. 


tuo = 1602 Y ; Ra = 226 g/mole ; Cl = 35.5 g/mole. 
1 mole Васі, = 226 + 71 = 297 g 
297g = 1 mole of Ra. 


23 
597 «0.1 mole of Ra = UT = 0.02027 х 1022 
) = 0.693 / ty = 1.371 x 107". 
Activity = AN = 1.371 x 107'' x 2.027 x 10” = 2.779 x 10? = 2.8 x 10? disintegrations/second. 


t12 = 10 hours, Ао =1ci 


0.1g= 





-0.693 
Activity after 9 hours = Age?! = 1xe 1 =0.5359 = 0.536 Ci. 
No. of atoms left after 9" hour, Ag = АМ» 
Ag _ 0.536 x10 x3.7 х10'° x 3600 
5 0.693 


> № = = 28.6176 х 10? х 3600 = 103.023 х 10". 





-0.693 
Activity after 10 hours = Ap e? = 1хе 10 = 0.5 Ci. 
No. of atoms left after 10" hour 
Ало Мо 
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28. 


29. 


30. 


31. 


32. 


А _ 0.5x3.7 x10? x 3600 
À 0.693/10 

No.of disintegrations = (103.023 — 96.103) x 10"? = 6.92 х 107. 

{12 = 14.3 days ; t = 30 days = 1 month 

As, the selling rate is decided by the activity, hence Ap = 800 disintegration/sec. 

We know, A = Ape™ [A = 0.693/14.3] 

А = 800 x 0.233669 = 186.935 = 187 rupees. 

According to the question, the emission rate of y rays will drop to half when the В+ decays to half of its 

original amount. And for this the sample would take 270 days. 

2. The required time is 270 days. 

а) Pon-*e'-*v Hence itis a В* decay. 

b) Let the total no. of atoms be 100 No. 


=> Nig = = 26.37 x 10? x 3600 = 96.103 х 107. 





Carbon Boron 
Initially 90 No 10 No 
Finally 10 № 90 М, 


-0.693 
Now, 10 No = 90 No e?' = 1/9 = е 203 [because {р = 20.3 min] 











э In 12 20:093,, 21972203 _ 64.36 = 64 min. 
9 203 0.693 
N =4 x 10? ; t = 12.3 years. 
a) Activity = dN зүү, 0:099 BRL INED ав/уеаг. 
dt m 12.3 


= 7.146 x 10" dis/sec. 
b) ЧМ _ 7.146 x 10" 
dt 


No.of decays in next 10 hours = 7.146 x 10" x 10 x 36.. = 257.256 x 107 = 2.57 x 10". 
—0.693 


c) N2 Noe" 24x10? x e 203 ^ °=2.82 x 10? = No.of atoms remained 
No. of atoms disintegrated = (4 — 2.82) x 10? = 1.18 х 102°. 

Counts received per ст? = 50000 Counts/sec. 

М = N50 of active nucleic = 6 x 1079 

Total counts radiated from the source = Total surface area x 50000 counts/cm? 


=4х3.14 x 1 x 10* x 5 x 10^ = 6.28 x 10? Counts = dN/dt T 
We know, T- AN № 
6.28 x10? —= II 
Or à = ^^ =1.0467 x 107 = 1.05 x 1073". n 
6x10 


Half life period can be a single for all the process. It is the time taken for 1/2 of the uranium to convert to 
lead. 


6x10" x2x10° . 12 


No. of atoms of 027% = х1020 = 0.05042 х 1020 








238 238 
23 -3 
No. of atoms in Pb = 6x10% x0:6x10 _ 3-6 „1020 
206 206 


12,36 
235 206 
-0.693 0.693 
N =№е* =N = № e"'i? = 0.05042 = 0.06789 e447x10° 
0.05042)  -0.693t 
(Soares 4.47 x10? 
— t= 1.92 х 10? years. 


Initially total no. of uranium atoms = | Jae - 0.06789 
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33. Ау = 15.3; А = 12.3 ; t4? = 5730 year 


34. 


35. 


36. 


‚ = 0.6931 _ 0.6931, 








Tua 5730 : 
Let the time passed be t, 
м _ 0.6931 





We know A= Ае” 0 xt 12.3 = 15.3 x e. 


— {= 1804.3 years. 

The activity when the bottle was manufactured = Аз 
-0.693 

Activity after 8 years = Age 125 





Let the time of the mountaineering = t years from the present 
-0.693 
A= Age 125 ;А = Activity of the bottle found on the mountain. 


A = (Activity of the bottle manufactured 8 years before) x 1.5% 
-0.693 -0.693 | 
=> Age 125 = Age 125  x0.015 


-0.693, _ -0.693x8 | 
1245125 eSI 
— 0.05544 t = 0.44352 + 4.1997 > t = 83.75 years. 


a) Here we should take К, at time is tọ = 30 x 10? s^ 


























i) In(Ro/R1) = In 2s - T 

ii) In(Ro/Rz) = In os] - 0.63 ПИРОТ 5 

iii) In(Ro/Rs) = In mw - 1.85 

iv) In(Ro/R4) = In 523 - 2.06 25 50 75 100 
3.8 x10? Time t (Minute) 

v) In(Ro/Rs) = In T с 





b) ~. The decay constant à = 0.028 тит" 
C) .. The half life period = ty2. 
0.693 0.693 
бо = —— =—_—_ 
A 0.028 
Given : Half life period t4; = 1.30 x 10? year , A = 160 count/s = 1.30 x 10? x 365 x 86400 
0.693 
1/2 
_ 160х1.30х365 x 86400 x 10? 
5 0.693 
. 6.023 x 10? No. of present in 40 grams. 
40 
6.023 x10? 
40x9.5 x10" 
6.023 x10? 
The relative abundance at 40 К in natural potassium = (2 x 0.00063 x 100)% = 0.12%. 


- 25 min. 


. АЕЛМ > 160 = М 








> М = 9.5 x 107? 


6.023 х 1023 = 409g 2 1-7 


. 9.5 x 107 present т = = 6.309 х 10 ^ = 0.00063. 
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37. 


38. 


39. 


40. 


41. 


42. 


a) Р+е ә п+упеиито [a — 4.95 х 10's"? ; b > 1] 
b) 4f 2a(z-b) 
= 4с/) 24.95 x 10’ (79 — 1) = 4.95 x 10’ x 78 = C/A = (4.95 x 78)? x 104 
8 
= ЗО e 052x105 x 1092 2 x 10^ m= 20 pm. 
14903.2 x10 


Given : Half life period = Їр, Rate of radio active decay = н =К > В = ч 
Given after time t >> t4, the number of active nuclei will become constant. 
i.e. (dN/dt) present =R= (dN/dt) decay 

“ R= (dN/dt)decay 

=> R=AN [where, à = Radioactive decay constant, М = constant number] 


= 9:595 кр => Кир = 0.693 М № = Boyes 
t2 0.693 


Let No = No. of radioactive particle present at time t = 0 
N = No. of radio active particle present at time t. 
2 N= No e™ [А - Radioactive decay constant] 
-. The no.of particles decay = No — М = No — Noe“ = № (1 е”) 
We know, Ао = ANo ; К = ANo ; № = RA 
From the above equation 


= В 





М = № (1-е) = Ra cg) (substituting the value of No) 
n = 1 mole = 6 x 10? atoms, t4 = 14.3 days 


t = 70 hours, dN/dt in root after time t = AN 
—0.693x70 


N = №е^ = 6 х 102 x е 14324 -6х10 x 0.868 = 5.209 x 1023. 
23. 0.693 _ 0.0105x1023 

5.209 x10 x 773,04 3600 
= 2.9 x 10° x 10? dis/sec = 2.9 x 10” dis/sec. 





dis/hour. 





Fraction of activity transmitted - 3e x 10096 
2.9x10 


2.9 x10 
V = 125 cm? = 0.125 L, P = 500 К pa = 5 atm. 
T = 300 К, ty = 12.3 years = 3.82 x 10° sec. Activity = X х М 
5x0.125 
8.2x10 x 3x10? 


8 
m (лоо = 1275 x 1077 %. 


N = n x 6.023 x 10? = х6.023х102 = 1.5 x 10” atoms. 





= E сэр -0.1814 x 10° = 1.81 x 10° s” 
3.82 x10 
Activity = AN = 1.81 x 10? x 1.5 x 1022 = 2.7 x 10? disintegration/sec 
13 
= ы Сї = 729 Ci. 
3.7 x10 
2? Bi — 20 11--2Не(0) 


27 Bi -2lBi 2 Py +e7 


ty2=1h. Time elapsed = 1 hour 

at t = 0 ВР" Present = 1g 

"aed Present = 0.50 

Probability o-decay and В-десау are in ratio 7/13. 
2. Tl remained = 0.175 g 

-. Pg remained = 0.325 g 
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43. Activities of sample containing "Ад and "Ад isotopes = 8.0 x 10? disintegration/sec. 


44. 


45. 


46. 


4T. 


48. 


a) Here we take A = 8 x 10° dis./sec 
„ІА (АЈА)  -In(11.794/8) = 0.389 


ii) In (Aa! Ag, ) = In(9.1680/8) = 0.1362 12 


ii) In (As Ao, ) = In(7.4492/8) = —0.072 10 
iv) In (Aj Ao, ) = In(6.2684/8) = —0.244 ! 
v) In(5.4115/8) = —0.391 | 
vi) In(3.0828/8) = -0.954 1 
20 40 60 80 100 200 300 400 500 


vii) In(1.8899/8) = —1.443 
viii) In(1.167/8) = —1.93 
ix) In(0.7212/8) --2.406 
b) The half life of 110 Ag from this part of the plot is 24.4 s. 
c) Half life of Ag = 24.4 s. 

-. decay constant A = 0.693/24.4 = 0.0284 = t = 50 sec, 
The activity A = Age ^ = 8 x 10? x 902890 = 1.93 х 10% 








O| 20 40 60 80 


e) The half life period of "° 


tuo = 24h 

tt, 24х6 _ 
tet. 2438 ^ 
Ао = 6 rci ; A= 3 rci 


Ag from the graph is 144 s. 





4.8h 


ол 


О = qe "СВ; A = Age?! 
Energy _ 142 xe 28 
Activity 2 СА 7 


Since the term is independent of time, so their coefficients can be equated, 





So, 2t = № ог, А = 2 or, T ue. ог, R= 25 (Ргоуеа) 
СВ СВ 1 CR С 

В =100 0; = 100 mH 

After time t, і = і (1- e") N = № (e ^) 

i _ БОГ 878 


i/N is constant i.e. independent of time. 
N Ne ^! 
Coefficients of t are equal -R/L = —X = R/L = 0.693/t4; 

= {2 = 0.693 x 10? = 6.93 x 107 sec. 

1 g ОГТ contain 0.007 g 11253 So, 235 g contains 6.023 х 10? atoms. 


23 
So, 0.7 g contains A x 0.007 atom 


23 6 -19 
1'atom given 200 Mev; Зо 0.7 g contains; 9:029 X10" 0.007 200107 БЛОТ | 24,105) 


235 





Let n atoms disintegrate per second 
Total energy emitted/sec = (n x 200 x 10° x 1.6 x 109) J = Power 
300 MW = 300 х 10? Watt = Power 
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49. 


50. 


51. 


52. 


53. 


300 x 108 = n x 200 x 106 х 1.6 x 1079 
э п=—9х109 = 2x10” 
2х1.6 3.2 


6 x 10? atoms аге present in 238 grams 
238 3107 
6x10? 3.2 
a) Energy radiated per fission - 2 x 10? ev 
Usable energy = 2 x 10° x 25/100 = 5 х 10’ ev = 5х 1.6 x 1077 
Total energy needed = 300 x 10? = 3 х 10? J/s 
3x10? 
5х1.6х10-12 
No. of fission per day = 0.375 х 10?? x 3600 x 24 = 3.24 x 10% fissions. 
From ‘а’ No. of atoms disintegrated рег day = 3.24 х 10% 
We have, 6.023 x 10? atoms for 235 g 
235 
6.023 102 


3 


32/107 atoms are present in = 3.7 x 10^g = 3.7 mg. 


No. of fission per second = = 0.375 x 10? 


b 


— 


for 3.24 x 10% atom = x3.24 x 107^ g = 1264 g/day = 1.264 kg/day. 


a) ?H« 2H 2 2H +H 
О value = 2M H) = [М(?Н)+М(?Н)] 
= [2 x 2.014102 - (3.016049 + 1.007825)]u = 4.0275 Mev = 4.05 Mev. 
1H4 1H 22H «n 
О value = 2/MH) -M($He) +М,] 
= [2 x 2.014102 - (3.016049 + 1.008665)]u = 3.26 Mev = 3.25 Mev. 
c) Н+ Н OH 40 

О value = [M H) +МСНе) -МСНе)+М,] 

= (2.014102 + 3.016049) — (4.002603 + 1.008665)]u = 17.58 Mev = 17.57 Mev. 
pe = Kade _ 9x10? x(2x1.6 x10719)? ET 

r r 

1.5 КТ = 1.5 х 1.38 x 10? x T ...(2) 


_ 9x10° х10.24 x10 7? 
2x107" 


— 


b 


— 








Equating (1) and (2) 1.5 x 1.38 x 10” x T 





т= _9 ao M ын = 22.26087 x 10° К = 2.23 x 10'° К. 
2x10 ° х1.5х1.38х10 
‘H+H Ве 
мен) — 4.0026 и 
МСВе) - 8.0053 и 
Q value = [2 MCH) - М(?Ве)] = (2 x 4.0026 - 8.0053) и 
= 0.0001 и = -0.0931 Mev = —93.1 Kev. 
In 18 g of № of molecule = 6.023 x 10” 


26 
In 100 g of No of molecule - шиг = 3.346 х 10” 





-. % of Deuterium = 3.346 x 102 x 99.985 
Energy of Deuterium = 30.4486 х 10” = (4.028204 — 3.016044) х 93 
= 942.32 ev = 1507 x 10? J = 1507 mJ 











THE SPECIAL THEORY OF RELATIVITY 
CHAPTER - 47 


$ = 1000 km = 10° m 
The process requires minimum possible time if the velocity is maximum. 
We know that maximum velocity can be that of light i.e. = 3 x 108 m/s. 


Distance 10° 1 
Speed 3x10? 300 
? = 50 cm, b = 25 cm, h= 10 ст, у = 0.6 с 
a) The observer in the train notices the same value of t, b, h because relativity are in due to difference 
in frames. 


b) In 2 different frames, the component of length parallel to the velocity undergoes contraction but the 
perpendicular components remain the same. So length which is parallel to the x-axis changes and 
breadth and height remain the same. 


2 2—2 
е’ = 2 = -soj е 


5041—0.36 = 50 x 0.8 = 40 cm. 

The lengths observed are 40 cm x 25 ст x 10 cm. 
L-1m 

a) v 3x 10? m/s 


10 
1-1 2 - 
V 9.10 


р) у= 3х 10° m/s 
L'- 11-9210, = 41104 = 0.99995 m. 
с) v 2 3 х 107 m/s 
L'- 11-92107 = 41-10? = 0.9949 = 0.995 m. 
у = 0.6 cm/sec ; t= 1 sec 
a) length observed by the observer = vt > 0.6 x 3 x 10° = 1.8 x 10° т 


202 
b) £= la N1-v2/c? = 1.8 x 10° = 65 E 


So, time = 











= 1-10 = 0.9999995 m 








_ 1.8 х108 
MU 
The rectangular field appears to be a square when the length becomes equal to the breadth i.e. 50 m. 
i.e. 1' = 50; 1 = 100; у=? 

C = 3 x 10° m/s 

We know, L' = LA41- v? /c? 


= 50 = 100441-v?/c? > v= 43/2C = 0.866 C. 
Lo = 1000 km = 10° m 
v = 360 km/h = (360 x 5)/ 18 = 100 m/sec. 


2 4 
a) п’ = hy41- v?/c? =10° "4 i 23108. = — = =10°. 
3x10 9x10 


Solving change in length = 56 nm. 
b) At = ЛЕМ = 56 пт / 100 m = 0.56 ns. 


bo = 2.25 x 10? m/s. 
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10. 


11. 


12. 


13. 


v = 180 km/hr = 50 m/s 
{ = 10 hours А В 
let the rest dist. be L. 


L'= LJ1- v?/c? = L'- 10 x 180 = 1800 k.m. 


2 
1800 = L H- 190 — 
(310°) 


or, 1800 x 1800 = L(1— 36 х 10 ^) 
6 
or, L= ELM = 1800 + 25 x 1077 
1-36 x107 


or 25 nm more than 1800 km. 
1.8x109 25x10? 





b) Time taken in road frame by Car to cover the dist = 











50 
= 0.36 x 10? + 5 x 10? = 10 hours + 0.5 ns. 
а) и = 5c/13 
хад t Е лу _ yx13 13 
т-у? Ic? к 12 12 
169c? 


The time interval between the consecutive birthday celebration is 13/12 y. 
b) The fried on the earth also calculates the same speed. 


The birth timings recorded by the station clocks is proper time interval because it is the ground frame. 
That of the train is improper as it records the time at two different places. The proper time interval AT is 
less than improper. 


i.e. AT =v AT 
Hence for - (a) up train > Delhi baby is elder (b) down train — Howrah baby is elder. 
The clocks of a moving frame are out of synchronization. The clock at the rear end leads the one at 
from by Lo М/С? where Lo is the rest separation between the clocks, and v is speed of the moving frame. 
Thus, the baby adjacent to the guard cell is elder. 
v = 0.9999 С; At = One day in earth ; At’ = One day in heaven 
Ш 1 Е 1 Ш 1 
(vue | (0.9999)2с2 0.014141782 
C? 


= 70.712 








АГ =v At; 
Hence, At’ = 70.7 days in heaven. 
{ = 100 years; V = 60/100 К; C=0.6C. 








де t А 100у _ 100у = 125 у. 
А №2 / С? ere 0.8 
С? 
We know 
f= /1-\?/С? 


Г = apparent frequency ; 
f = frequency in rest frame 
v=0.8C 


Ё211- Coe = 0.36 = 0.6 s™ 
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14. V = 100 km/h, At = Proper time interval = 10 hours 








aps at 103600 
1—-\у? тс? iH 1000 | 
36x3x10? 


1 


| 1000 | 
1- 8 
36x3x10 


By solving we get, At’ — At = 0.154 ns. 
2. Time will lag by 0.154 ns. 

15. Let the volume (initial) be V. 
V'-VI2 


So, V/2 = v41- V? IC? 
> С/2 = VC? - V? > С?/4 = С? -V° 


2 
= y? = с2 6362 = \/ = Gg 
4 4 2 


At’ — At = 10 x 3600 





16. d=1cm,v=0.995C 


-2 
а) time in Laboratory frame = 2 - 28 





_ 1x10? 
© 0.995 х3 х108 
b) In the frame of the particle 
E t _ .83.5x10 7 
Vi-v?ic? 1-(0.995y? 
17. x 21cm 21x 10? m; К = 500 N/m, m = 200g 
Energy stored = % Кх? = % x 500 x 107 = 0.025 J 


= 33.5 х 107? = 33.5 PS 


, 


= 335.41 PS. 

















: 0.025 0.025 
Increase т mass = = 
0.025 1 





Fractional Change of max = 16 Х 7 
9х10 2x107 


18. Q = MS A0 > 1 x 4200 (100 - 0) = 420000 J. 
Е = (Am)C? 
Е _ О 420000 
C? C? (3х105)? 
= 4.66 x 107”? = 4.7 x 10- ^ kg. 
19. Energy possessed by a monoatomic gas = 3/2 nRdt. 
Now dT = 10, n = 1 mole, R = 8.3 J/mol-K. 
Е = 3/2 xt x 8.3 x 10 
1.5x8.3x10 124.5 
С? Е 9х10'° 
= 1383 x 10 I6 = 1.38 x 10? Kg. 
20. Let initial mass be m 


=> Am= 





Loss in mass = 








% ту? = Е 

1 e mx50 
> E= —т = 

2 \ 18 9 
Ат = E/C? 


= 0.01388 x 1076 = 4.4 x 108. 
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21: 


22. 


23. 


24. 


25. 


тх 50 Am 50 
9x9x109 ^ m 81х10 
=> 0.617 x 10° = 6.17 x 107”. 
Given : Bulb is 100 Watt = 100 J/s 
So, 100 J in expended per 1 sec. 
Hence total energy expended in 1 year = 100 x 3600 x 24 x 365 = 3153600000 J 
Total energy _ 315360000 

с? 9х10'6 

= 3.504 x 10? x 10 kg = 3.5 x 10? Kg. 


=> Ат = 








Change in mass recorded = 








I = 1400 w/m? 
Power = 1400 w/m? x А iie 
” 
= (1400 x 4xR))w = 1400 x 4r x (1.5 х 10") / К. 
= 1400 х 4л х (1/5)? х 1022 | бы 
\ І 
Е AmC? Am ЕЛ \ / 
a) = = = NS. 27 
t t t C 2 
22 
С? = шаа, = 1696 х 109? = 4.396 х 10° = 4.4 x 10°. 
х 
b) 4.4 x 10? Kg disintegrates in 1 sec. 
30 
2 x 10? Kg disintegrates in хий. 
4.4x10 





- | 1x10?! 
© (2.2.x 365 x 24 x 3600 
Mass of Electron = Mass of positron = 9.1 x 10?! Kg 
Both are oppositely charged and they annihilate each other. 
Hence, Ат = m + m 22x 9.1 x 107 Kg 
Energy of the resulting y particle = Am С? 
2x9.1x9x10775 
1.6 х107'9 
= 102.37 х 10 ev = 1.02 х 10? ev = 1.02 Mev. 
Me = 9.1 x 107°) vo = 0.8 С 
= Ме 9.1х1077 9.1х1077 
a)m'- = = 
V1-V21C?  41-0.64C? /С? 0.6 
= 15.16 x 10 ?' Kg = 15.2 x 10 ?' Kg. 
b) К.Е. of the electron : m'C? — m,C? = (m' — те) C? 
= (15.2 x 10?! — 9.1 x 10 ?*)(3 x 10°)? = (15.2 x 9.1) x 9 x 10°" x 10° J 
2546x107 J = 5.46 х 107 J = 5.5 х 107'* J. 
c) Momentum of the given electron = Apparent mass x given velocity 
= 15.2 x 107! — 0.8 x 3 x 10? m/s = 36.48 x 10-23 kg m/s 
= 3.65 x 10722 kg m/s 


тос? 


[№ 
2-2 

-31 16 
2 9.1х9х107 x10" MJ 949x105 


2 
9 иг. 


| = 1.44 x 10? x 107" y= 1.44 x 10" y. 


=2х9.1х 10?! х 9х 10% J= 











а) ev- тоС? = = ev — 9.1 x 10?! x 9 x 10" 
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26. 


2 9Лх9х1075 у олох 19 5- 91x9»107 
2x0.8 | 1.6 


= ву = (2158 гөлхө хог" = ev [£3 +81.9 10° 
1.6 1.6 
eV = 133.0875 х 10-15 > V = 83.179 х 10^ = 831 KV. 


2 -15 
Moe — eV —9.4 x 9x 1079 x 9x 10% = one 
2 1-2 2 1-2 
9.1х9х10-15 

2x0.435 





р) eV тос? = 





= eV -81.9 х 107° = 


= eV = 12.237 х 10? 
y = 12:237 +10 * 


—— = 76.48 kV. 
1.6х10- 

тос? 

v? 

2 Цас 

тос? 2_ 9.1x10 7! x9x 1016 
— ———— +С = 
perc Me 241- (0.99)? 


С? 


М=0.99 С = eV — тС? = 


>eV= +9.1х10-3' x 9x10" 





_ 372.18 220°" 


252106 - 272.6 x 10* 
Ох 


= eV = 372.18 х 10° = V 


> V = 2.726 x 10° = 2.7 MeV. 

mC? 
2 
123 
С? 


а) — тос? = 1.6 x 10°"? 





> eem) = 1.6 x10? 


qt /C? 
1 5 1.6x107? 


Jiye? = 94x10 x9x1079 


=> V = C х 0.001937231 = 3 x 0.001967231 x 0? = 5.92 x 10° mis. 








2 
b) C mC? = 1.6 x 1079 x 10 x 10? 
v? 
Пе 
> dr d = 1.6 x 1075 
441- V? IC? 
1 is 1.6x10715 





= 15 
„И \/2/С2 9.1x9x10 
=> V = 0.584475285 х 10? = 5.85 x 10’ m/s. 
c) KE. = 10 Mev = 10 х 10° eV = 10/ x 1.6 х 10? J = 1.6 x 107? J 
mC? 
2 
T 
C 
=> V? = 8..999991359 х 101° = V = 2.999987038 х 10°. 





— тоС? = 1.6 x 10? J 





5 
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2T. 


28. 


Am = m — Mo = 2m, — Mp = Mo 
Energy E = moc? = 9.1 x 10?! х 9 х 1079 J 
9.1х9х1077 


“от = 51.18 x 10^ ev = 511 Kev. 
ох 


Е in ev. = 


тос? 
2 
Ес 
E - 0.01 
2 





тос? ; mv? 





Imo 
2 0 


о Зо ЗБ? c? 
202 2 4p as. 


iie 
zm 
z Mo 


V^ 15 V^ 1 5 
t— mo 
C2 96 C? 2 


moC?(14 











теу“ + То 





LED, 
10У 
2 0 
$V*.. 45 м 
+ 
4 С? 96x2c* 
Neglecting the v^ term as it is very small 


- 0.01 





2 2 
> OM ep сэ 200413 
4 c? С? 
= МС = 0.2/./3 = У = 0.2/3 C= 023x108 
1.732 
= 0.346 x 10° m/s = 3.46 x 10’ m/s. 
^^^ 








274 6 6 m 1 
С ту 


0.1 





